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semiconductor applications; consequently, complete information sufficient for construction 
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KM424C64 


CMOS VIDEO RAM 


64KX4 Bit CMOS VIDEO RAM 


FEATURES 

¢ Dual Port Architecture 
64K x 4 bits RAM port 
256 x 4 bits SAM port 

¢ Performance range: 


RAM access time (trac) 100ns | 120ns 
RAM access time (tcac) 25ns 30ns 
RAM cycle time (trc) 180ns 220ns 
RAM Page mode cycle (tpc) 60ns 75ns 
SAM access time 25ns 35ns 
; SAM cycle time 30ns 40ns 
RAM active current 65mA 55mA 
SAM active current 40mA 35mA 
RAM & SAM standby 3mA 3mA 


¢ Fast Page Mode 

¢ RAM Read, Write, Read-Modify-Write 

¢ Serial Read and Serial Write 

e Read Transfer and Write Transfer 

¢ Real Time Read Transfer capability 

e Write per Bit masking on RAM write cycles 

¢ CAS-before-RAS, RAS-only and Hidden Refresh 

¢ Common data I/O using three-state RAM output control 
¢ All inputs and outputs TTL and CMOS compatible 
¢ Refresh: 256 cycles/4ms 

¢ Single +5V+10% supply voltage. 

¢ Plastic 24-pin 400 mil ZIP or DIP. 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL 


CLOCKS 


REFRESH 
ADDRESS 
COUNTER 


GENERAL DESCRIPTION 

The Samsung KM424C64 is a CMOS 64K x 4 bit Dual 
Port DRAM. It consists of a 64K x 4 dynamic random 
access memory (RAM) port and 256 x4 static serial 
access memory (SAM) port. The RAM and SAM ports 
operate asynchronously except during data transfer 
between the ports. 

The RAM array consists of 256 rows of 1024 bits. It 
operates like a conventional 64K x 4 CMOS DRAM. The 
RAM port has a write per bit mask capability. 

The SAM port consists of four 256 bit high speed shift 
registers that are connected to the RAM array through 
a 1024 bit data transfer gate. The SAM port has serial 
read and write capabilities. 

Data may be internally transferred bi-directionally 
between the RAM and SAM ports using read or write 
transfers. 

Refresh is accomplished hy familiar DRAM refresh 
modes. The KM424C64 supports RAS-only, Hidden, and 
CAS-before-RAS refresh for the RAM port. The SAM port 


does not require refresh. 
All inputs and 1/O’s are TTL and CMOS level 


compatible. All address lines and Data Inputs are 
latched on chip to simplify system design. The outputs 
are unlatched to allow greater system flexibility. 


PIN CONFIGURATION (Top Views) 


eae 
eco ae Te) w2iDQ2 Pin Name Pin Function 
BUFFER }——W3/DQ3 : 
Ao cl, sc Serial Clock | 
tw b . : eng enee 
w | & |SDQ0-SDQ3 Serial Data Input/Output _ 
a 8 MEMORY ARRAY DT/OE _ Data Transfer/Output Enable 
Mahe eee scette |WBIWE Write Per Bit/Write Enable _ 
cle RAS Row address strobe 
ale SDQO ARG t a 
A7 < SoA CAS iColumn address strobe __ i 
SDQ2 W0/DQ0-W3/DQ3 | Data Write mask/Input/Output 
Shee SE _|Serial Enable 
Ao-Az Address Input 
¢ 
SERIAL Vee Voc Power (+ 5V) 
ADDRESS Vv 
COUNTER ss Vss Ground 
3 


& SAMSUNG 


Electronics 


KM424C64 CMOS VIDEO RAM 


ABSOLUTE MAXIMUM RATINGS* 


| Voltage on Any Pin Relative to Vss V 
Voltage on Vcc Supply Relative to Vss Voc cel -—1to +7.0 Vv mani 
[ Storage Temperature le. Tstg —55 to + 150 a5 °C 

Power Dissipation Pp 1 

Short Circuit Output Current los 50 mA 


“Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta =0 to 70°C) 


-—1to +7.0 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


KM424C64 
Parameter (Ram Port) Sam Port 


Operating Current* Sea | loon =| 65 | 55 | mA 
(RAS and CAS Cycling @ tac= min) | Active | leer} 100 | 88} mA] 
Standby | RAS, CAS, DTIOE | SE=Vin, SC= Vu Standby | Ico | 3 | 

Current | WBAWE =Vi SE=Vu,SC=Cycling | Active 

RAS Only Refresh Current* Standby loos 65 55 

(CAS = Vin, RAS Cycling @ tac= min) locaA 


Fast Page Mode Current* Standby 


(RAS = Vi, CAS Cycling @ tec=min) Active 
CAS-Before-RAS Refresh Current* Standby 
(RAS and CAS Cycling @ trac=min) Active 


Data Transfer Current* Standby 


(RAS and CAS Cycling @ tac=min) 


“NOTE: lcciA, IccalA, IccalA, Iccs/A, and Icce/A are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. 


INPUT/OUTPUT CURRENTS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any.input 0<Vin<6.5V, 
all other pins not under test =0 volts.) 


Output Leakage Current (Data out is disabled, 
OV <VOUT <5.5V) 


Output High Voitage Level 
(RAM lon = —5mA, SAM lon = — 2mA) 


Output Low Voltage level 
(RAM Io. = 4.2mA, SAM lo. = 


2mA) 
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CAPACITANCE (1, =25°c) 


Item Symbol Min Max Unit 
Input Capacitance (Ap-A7) Cin: a 6 pF 
Input Capacitance (RAS, CAS, WB/WE, 
DT/OE, SE, SC) Cine = 7 pF 
Input/Output Capacitance (W0/DQ0-W3/DQ3) Coa — 7 pF i 
Input/Output Capacitance (SDQ0-SDQ3) Cspa — 7 pF 
AC CHARACTERISTICS (0°c<1,<70°C, Vcc=5.0V + 10%. See notes 1, 2) 
KM424C64-10 KM424C64-12 
Parameter Symbol Unit | Notes 
in Max Min Max 
Random read or write cycle time tac 180 | 220 ns 
Read-modify-write cycle time tawe 245 | 295 ns_ | 
Fast page mode cycle time tec 60 75 ns 
Fast page mode read-modify-write terwe 125 145 ns 
Access time from RAS trac | 100 120 ns | 3,4 
Access time from CAS tcac 25 30 ns | 4 
Access time from column address taa | 50 | 60 ns | 3,11 
Access time from CAS precharge topa 55 | 65 ns | 3 
CAS to output in Low-Z toiz 5 5 ns | 3 
Output buffer turn-off delay torr 0 30 L 0 35 ns | 7 
Transition time (rise and fall) t 3 50 3 50 ns | 2 
RAS precharge time tap ae | 90 | ns 
RAS pulse width tras 100 gt 10,000 120 10,000 ns 
RAS pulse width (Fast page mode) trasp 100 100,000 120 100,000 | ns 
RAS hold time trsH 25 30 ns 
CAS hold time tos 100 | 120 ns 
CAS pulse width toas 25 30 ns_| 
RAS to CAS delay time trop 25 75 25 | 90 ns_| 5,6 
RAS to column address delay time trap 20 50 20 60 ns | 11 
CAS to RAS precharge time tore 10 | 10 | ns 
CAS precharge time topn 15 | 20 ns 
| CAS precharge time (Fast page) top AD * 20 ns 
Row address set-up time tasr 0 0 ns 
Row address hold time tray 15 15 ns Z| 
Column address set-up time tasc 0 0 ns 
Column address hold time toaH 20 25 ns | 
Column address hold time referenced to RAS tar 75 ii 85 tr ns 
Column address to RAS lead time traL 50 [ 60 ns 
Read command set-up time tres 0 0 ns {| 
| Read command hold referenced to CAS trou 0 0 t ns | 9 
Read command hold referenced to RAS trary 10 10 ns | 9 
Write command hold time twcu 20 25 ns 
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STANDARD OPERATION (Continued) 


Parameter 


KM424C64-10 KM424C64-12 


Write command hold time referenced 
to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data set-up time 


Data hold time 
Data hold referenced to RAS 


Write command set-up time 0 ns | 8 
CAS to WE delay _ | tewo 70 ns | 8 
RAS to WE delay two 160 ns | 8 
Column address to WE delay time tawo 8 
CAS set-up time (C-B-R refresh) __|__ tesa 
CAS hold time (C-B-R refresh) tour 
RAS precharge to CAS hold time 
RAS hold time referenced to OE trou 20 20 ns 
Access time from output enable toca 25 30 ns 
Output enable to data input delay toep 20 25 ns 
Output buffer turnoff delay from OE toez 0 25 0 30 ns | 7 
Output enable command hoid time toeH 25 30 ns 
Data to CAS delay tozc 0 0 ns | 
Data to output enable delay tozo 0 ns 
Refresh period (256 cycles) trer 4 4 | ms 
WB Set-up time twsr 0 0 ns | 
WB hold time tawH 15 20 ns 
Write per bit mask data set-up tus 0 | 0 ns 
Write per bit mask data hold tux 15 20 ns 

| DT high set-up time tras 0 ) ns 
DT high hold time tray 15 20 ns 
DT low set-up time tris 0 0 ns 
DT low hold time | trun 15 | 20 ns 
ee Pee || ‘ : 
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STANDARD OPERATION (Continued) 


KM424C64-10 | KM424C64-12 
Parameter Unit Notes 
Min Max Min Max 
eal tirestea taser tern | 80 96 ns 
al Whe a tee tom | 90 36 ns 
SE set-up referenced to RAS tesR re) ) ns 
SE hold time referenced to RAS tREH 15 | | 20 ns 
DT to RAS precharge delay ttRD 10 10 i ns 
DT to CAS precharge delay time ttcp 10 10 ns 
DT precharge time trp 30 35 ns 
RAS to first SC delay (read transfer) trsp 100 120 | ns 
CAS to first SC delay (read transfer) tcsp 50 60 ns 
Last SC to DT lead time tTst 0 1 = 20 | ons |! | 
DT to first SC delay (read transfer) tTsD 20 20 ns 
Last SC to RAS set-up (serial input) tsps 30 | 40 | ns | 
RAS to serial input delay tspp 50 60 ns 
ec re | tee | oe) 50, atl 0 [icon |e 
Serial input to first SC delay tszs ) | ¢) ns | 
SC cycle time tscc 30 40 ns | 
SC pulse width (SC high time) tsc 10 | 15 ns | 
SC precharge (SC low time) tscp 10 15 ns 
Access time from SC tsca 25 [ 35 | ns | 4 | 
Serial output hold time from SC tsoH 5 | 5 L ns | 
Serial input set-up time tsps 0 : 0 | ns 
Serial input hold time tsDH 20 | 30 ns | 
Access time from SE tsEA 25 35 ns 4 
SE pulse width tse 25 35 | ns 
SE precharge time tsep 25 35 ns 
| Serial out buffer turn-off from SE | 
| Serial input to SE delay time 
Serial write enable set-up 
Serial write enable hold time 
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NOTES 

1. An initial pause of 200us is required after power-up followed by any 8 RAS, 8 SC cycles before proper device 
operation is achieved (DT/OE = HIGH). If the internal refresh counter is used,a minimum of 8 CAS-before-RAS 
initialization cycles are required instead of 8 RAS cycles. 

2. Vin(min) and V\(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vi4(min) and Vi.(max) and are assumed to be 5ns for all inputs. 

3. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF. 

4. SAM port outputs are measured with a load equivalent to 2 TTL loads and 50pF. Dour comparator level: 
Vou/Vor = 2.0/0.8V. 

5. Operation within the trcp(max) limit insures that taadimax) can be met. tacn(max) is specified as a reference point 
only. If taco is greater than the specified trco(max) limit, then access time is controlled exclusively by tcac. 

6. Assumes that tacp > trco(max). 

7. The parameters, torr(max), toez(max), tsnz(max) and tsezimax), define the time at which the output achieves the 
open circuit condition and is not referenced to Vox or Vo. 

8. twos, trwo, town and tawo are non restrictive operating parameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data out pin will remain 
high impedance for the duration of the cycle. If tewo>tcwo(min) and tawo<trawo(min) and tawo>tawo(min), then 
the cycle is a read-write cycle and the data out will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tracy or tary must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the DT/OE leading edge 
in read-write cycles. 

11. Operation within the trao(max) limit insures that taco(max) can be met. trao(max) is specified as a reference point 
only. If trav is greater than the specified trap(max) limit, then access time is controlled by tas. 


DEVICE INFORMATION 


All operation modes of KM424C64 are determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 
The truth table of the operation modes is shown in table 1. 


Table 1. Operation truth table 


CAS ADDRESS FUNCTION 
H id * 7 | * Standby 
L . ‘ : ig CAS-before-RAS Refresh 
H row/column HL H * READ 
H row/column H H>L 7 WRITE 
H row H i : RAS-only Refresh 
H row/column H L - WRITE-per-Bit 
H row/tap L H bs READ Transfer 
H row/tap L L L WRITE Transfer 
H row/tap L L Pseudo-Write Transfer 
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Device Operation 

The KM424C64 contains 262,144 memory locations. six- 
teen address bits are required to address a particular 
4-bit word in the memory array. Since the KM424C64 has 
only 8 address input pins, time multiplexed addressing 
is used to input 8 row and 8 column addresses. The 
multiplexing is controlled by the timing relationship be- 
tween the row address strobe (RAS), he column address 
strobe (CAS) and the valid row and column address 


inputs. 


Operation of the KM424C64 begins by strobing in a valid 
row address with RAS while CAS remains high. Then 
the address on the 8 address input pins is changed from 
a row address to a column address and is strobed in 
by CAS. This is the beginning of any KM424C64 cycle 
in which a memory location is accessed. The specific 
type of cycle is determined by the state of the write 
enable pin and various timing relationships. The cycle 
is terminated when both RAS and CAS have returned 
to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera: 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, 
a new cycle must not begin until the minimum RAS 
precharge time, tre, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM424C64 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining WB/WE high 
during a RAS/CAS cycle. The access time is normally 
specified with respect to the falling edge of RAS. But 
the access time also depends on the falling edge of CAS 
and on the valid column address transition. If CAS goes 
low before taco(max) and if the column address is valid 
before tran(max) then the access time to valid data is 
specified by trac(min). However, if CAS goes low after 
taco(max) or if the column address becomes valid after 
trap(max), access is specified by tcac or taa. 


The KM424C64 has common data I/O pins. The DT/OE 
has been provided so the output buffer can be precise- 
ly controlled. For data to appear at the outputs, DT/OE 
must be low for the period of time defined by toga. 


Write 

The KM424C64 can perform early write and read-modify- 
write cycles. The differece between these cycles is in 
the state of data-out and is determined by the timing 
relationship between WB/WE, DT/OE and CAS. In any 
type of write cycle Data-in must be valid at or before 
the falling edge of WB/WE whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing WB/WE low before CAS. The 4-bit wide data at the 
data input pins is written into the addressed memory 
cells. Throughout the early write cycle the outputs re- 
main in the Hi-Z state. In the early write cycle DT/OE 
must meet DT/OE high set-up and hold time as RAS falls 
but otherwise does not affect any circuit operation dur- 
ing the CAS active period. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cells appears at the outputs before and during 
the time that data is being written into the same cell 
locations. In this cycle read operation is achieved by 
bringing DT/OE low with RAS and CAS low. The access 
time to valid data is specified by toga. After DT/OE goes 
high, the data to be written is stored by WB/WE with 
set-up and hold times referenced to this signal. 


Late Write: This cycle shows the timing flexibility of 
(DT/OE) which can be activated just after (WB/WE) falls, 


even when (WB/WE) is brought low after CAS. 


Fast Page Mode 

Fast page mode provides high speed read, write or read- 
modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row address, 
CAS is cycled to strobe in additional cotumn addresses. 
This eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


Write-Per-Bit 

The write-per-bit function selectively controls the inter- 
nal write-enable circuits of the RAM port. When WB/WE 
is held ‘low’ at the falling edge of RAS, during a ran- 
dom access operation, the write-mask is enabled. At the 
same time, the mask data on the Wi/DQi pins is latch- 
ed onto the write-mask register (WM1). When a ‘0’ is 
sensed on any of the Wi/DQi pins, their corresponding 
write circuits are disabled and new data will not be 
written. 


When a ‘1’ is sensed on any of the Wi/DQi pins, their 
corresponding write circuits will remain enabled so that 
new data is written. The write mask data is valid for on- 
ly one cycleThe truth table of the write-per-bit function 
is shown in table 2. 
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Table 2. Truth Table for a Function 


Data Output 

The KM424C64 has a three state output buffers which 
are controlled by CAS and DT/OE. When either CAS or 
DT/OE is high (Vix) the output is in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the output the output goes into the low impedance state 
in a time specified by tc.z after the falling edge of CAS. 
Invalid data may be presented at the output during the 
time after tc.z and before the valid data appears at the 
output. The timing parameters tcac, trac and taa Specify 
when the valid data will be present at the output. The 
valid data remains at the output until CAS returns high. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM424C64 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 
Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Refresh 

The data in the KM424C64 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integri- 
ty it is necessary to refresh each of the 256 rows every 
4 ms. Any operation cycle performed in the RAM port 
refreshes the 1024 bits selected by the row addresses 
or an on-chip refresh address counter. Either a burst 
refresh or distributed refresh may be used. There are 
several ways to accomplish this. 

RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This cy- 
cle must be repeated for each of the 256 row addresses, 
(Ao-A7). 

CAS-before-RAS Refresh. The KM424C64 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An inter- 


Table 3. Truth Table for Transfer Operation 


— H Read transfer cycle 
\ H : i L Write transfer cycle 
H L L H 


Pseudo write transfer cycle 


FUNCTION 


WRITE ENABLE 
WRITE ENABLE 
WRITE MASK 


nal refresh operation automatically occurs. The refresh 
address is supplied by the on-chip refresh address 
counter which is then internally incremented in prepara- 
tion for the next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM424C64 hidden refresh cycle is actually a CAS-before- 
RAS refresh cycle within an extended read cycle. The 
refresh row address is provided by the on-chip refresh 
address counter. 


Other Refresh Methods: It is also possible to refresh 
the KM424C64 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Transfer Operation 

The KM424C64 features bi-directional transfer capability 
from RAM to SAM and from SAM to RAM. A transfer 
consists of loading 256 words by 4-bits of data from one 
port into the other. During a data transfer cycle, RAM 
port and SAM port can’t operate independently. Data 
transfer cycle includes are following operations. 


i) Data is transferred between RAM memory cell on 
the specified row address and SAM data register 
(except pseudo write transfer). 

ii) Direction of data transfer is defined. 

iil) Serial read or serial write is selected. 

iv) SAM start address (the address to be accessed 
first after the termination of transfer cycle in the 
SAM data register) is specified. 


There are three types of transfer operations: read 
transfer, write transfer and pseudo-write transfer. As 
shown in table 3, the type of transfer « operation is deter- 


mined by CAS, DT/OE, WB/WE and SE at the falling edge 
of RAS. 


TRANSFER DIRECTION 


RAM~SAM 
SAM~>RAM 
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Read-Transfer Cycle 

A read-transfer consists of loading a selected row of 
data from the RAM array into the SAM register. A read- 
transfer is accomplished by holding CAS high, DT/OE 
low and WB/WE high at the falling edge of RAS. The 
row address selected at the falling edge of RAS deter- 
mines the RAM row to be transferred into the SAM. 

The actual data transfer is completed at the rising edge 


of DT/OE. When the transfer is completed, the SDQ lines 


are set into the output mode. In a read/real-time read- 
transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DT/OE and becomes valid 
on the SDQ lines after the specified access time tsca 
from the rising edge of the subsequent serial clock(SC) 
cycle. The start address of the serial pointer of the SAM 
is determined by the column address selected at the 
falling edge of CAS. 


Figure 2. BLOCK diagram of RAM and SAM PORT during read transfer 


SAM START | 


DATA BUS 


SDQ3 
SDQ2 
$DQ1 
SDQO 


SAM PORT 


SERIAL ACCESS MEMORY 


TRANSFER CONTROL GATE l 


SELECT ROW 


RAM PORT 


64K BIT RAM 


ROW DECODER 


Write Transfer Cycle 

A write transfer cycle consists of loading the content 
of the SAM data register into a selected row of RAM 
array. A write transfer is accomplished by CAS high, 
DT/OE low, WB/WE low and SE low at the falling edge 
of RAS. The row address selected at the falling edge 
of RAS determines the RAM row address into which the 
data will be transfered. The column address selected 
at the falling edge of CAS determines the start address 
of the serial pointer of the SAM. After the write transfer 
is completed, the SDQ lines are in the input mode so 
that serial data synchronized with SC can be loaded. 
When two consecutive write transfer operations are per- 
formed, there is a delay in availability between the last 
bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant 
Vi. Or Vin after the SC precharge time tscp has been 
satisfied. A rising edge of the SC clock must not occur 
until after a specified delay trasp from the falling edge 
of RAS. 

Pseudo Write Transfer Cycle 

The pseudo write transfer cycle switches SDQ lines 
from serial read mode to serial write mode. It doesn’t 
perform data transfer. A pseudo write transfer is ac- 


MEMORY CELL ARRAY 


complished by holding CAS high, DT/OE low, WB/WE 
low and SE high at the falling edge of RAS. The pseudo 
write transfer cycle must be performed after a read 
transfer cycle if the subsequent operation is a write 
transfer cycle. There is a timing delay associated with 
the switching of the SDQ lines from serial output mode 
to serial input mode. During this period, the SC clock 
must be held at a constant V, or Vin after the tsc 
precharge time has been satisfied. A rising edge of the 
SC clock must not occur until after the specified delay 
trsp from the falling edge of RAS. 


SAM Port Operation 

The KM424C64 is provided with a 256 word by 4 bit serial 
access memory (SAM). High speed read and write opera- 
tion may be performed through the SAM port indepen- 
dent of the RAM port operations, except during transfer 
operation. The preceding transfer operation determines 
the direction of data flow through the SAM registers. 
Data may be read out of the SAM port after a read 
transfer cycle (RAM—SAM) has been performed. Data 
can be shifted out of the SAM port starting at any of 
the 256 bit locations. This tap location corresponds to 
the column address selected at the falling edge of CAS 
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during the read transfer cycle. The SAM register is con- 
figured as a circular data register. The data is shifted 
sequentially starting from the selected tap location to 


the most significant bit and then wraps around to the 
least significant bit. 


Tap location started by column 
| | | | | | | | address of read-transfer cycle. 


Subsequent real time read transfer may be performed 
on the fly as many times as desired within the refresh 
constraint of the RAM memory array. A pseudo write 
transfer cycle must be performed in order to write data 
into the SAM port. This cycle switches the SAM port 
operation from output mode to input mode. Data is not 


Table 4. Truth Table for SAM Operation 


Preceding 
Transfer 
Cycle 


SAM port 


operation edge of RAS) 


read- serial 


transfer output 
mode 
7 L* 
write- serial 
transfer input 


mode 


*When simultaneous operation is being performed on 
the RAM port and the SAM port, DT/OE must be held 
high at the falling edge of RAS so as to prevent a false 
transfer cycle. 


Serial Clock (SC) 

All operations of the SAM port are synchronized with 
the serial clock SC. Data is shifted in or out of the SAM 
registers at the rising edge of SC. In a serial read, the 
output data becomes valid on the SDQ pins after the 
maximum specified serial access time tsca from the 
rising edge of SC. The serial clock SC also increments 
the 8 bit serial pointer which is used to select the SAM 
address. The pointer address is incremented in a wrap 
around mode to select sequential locations after the 
starting location which is determined by the column ad- 
dress in the read transfer cycle. When the pointer 
reaches the most significant address location (decimal 
255), the next SC clock wil! be placed at the least signifi- 
cant address location (decimal 0). 


Serial Enable (SE) 
The SE input is used to enable serial access operation. 
In a serial read cycle, SE is used as an output control. 


DT/OE (at the falling 


transferred during a pseudo write transfer cycle. A write 
transfer cycle (SAM— RAM) may then be, performed. The 
data in the SAM register is loaded into the RAM row 
selected by the row address at the falling edge of RAS. 
The start address of SAM registers is determined by the 
column address selected at the falling edge of CAS. 


sc SE Function 


Serial read enable 


Serial read disable 


L Serial write enable 


When SE is high, serial access is disabled, however, 


’ the serial address pointer location is still incremented 


when SC is clocked even when SE is high. 

Serial Input/Output (SDQ0-SDQ3) 

Serial input and serial output share common I/O pins. 
Serial input or output mode is determined by the most 
recent transfer cycle. When a read transfer cycle is per- 
formed, the SAM port is in the output mode. When a 
pseudo write is performed, the SAM port operation is 
switched from output mode to input mode. During 
subsequent write transfer cycle, the SAM port remains 
in the input mode. 


Power-up 

If RAS=V,, during power-up, the KM424C64 could 
possibly begin an active cycle. This condition results 
in higher than necessary current demands from the 
power supply during power-up. It is recommended that 
RAS and CAS track with Veo during power-up or be 
held at a valid V;4 in order to minimize the power-up 
current. 


An initial pause of 200 psec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. 
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KM424C64 CMOS VIDEO RAM 


TIMING DIAGRAMS 


READ CYCLE 
— Vin— 
RAS Wiz 
, tcrP | -— tracD ai tRSH eer oe 
an — tcas- 
. ve | ase: t t +—| | | 
| + .~ togy ——___________—| | 
Loan zs tRAH [80] |_tcaH | | | 
Vip- VYY A) LIA AI AV AAV AAW ATAU AV AVAVAVAY, UW CAVAVAVAVAVAVAN, 
pom SR wots RQ) ROKR KXR 


| tom] 


| | ae | tach 
a IH— VATA AVAVAVAVATAVAVAVAVAUAS V/V VYVVV 
wane ROY | OK) 


ane, Kul | | tROH en | 
DTIOE ViH— | 
Vit— 
p-—+t | t= 
| cs | | OEA ee eo OFF 
A\ 
Vo_— ie al, 
EARLY WRITE CrCLE 
6 —— re 
aS tre 
mt ere 
i Ke t —t- t — 1 
1 a Ve | 
UATE ViIH— tcas 
CAS re es en 
| [trap I | hac | | 
cad ese tRAH eee | toan—| | | 
: Vin— VAVA. ROW XX) UY YYVXX XXXKXKKKK KKK KKK KKKY YX X 
rer IT NRE amoress PRK _sonaees PRR RK KR RR RK 
| | a i 


Laer Lltrwy | | /+___— twex | 


WAVE IH— YYYVVYVVYVYYVVYVVYY Y X 
oe Ge OOO 
; ttHs | a ee | = tRWL = 7 

tres | jt [wes || 
DTIOEL TT INAV AV AVA AAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAU, 
ae RRR KK IX KX KRY 


b—tmse fade [es | pats] 
cre. iH Ary VY\; KVVIVYVVY VV Y YVYY VY VY VV YY YY YY 
wees 0 OBOE DOOR vaio aren RRR RAK RRR XK RRR 


tpHR 
DON’T CARE 
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TIMING. DIAGRAMS (continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


tras [tre 


RAS Vin— tar 
Vit— 
Vit— XXX £\ — j 
tasr — tRAL — 
Vin— XXXX) oe COLUMN ~KAXK XXX KKK XXX KAR KAA AK KKK KKK 
nie Vit XOX U acortes Y \ VA__avoress _} A 
wane > BRK e Oe eeeenrs WII AUCUCUCNUACACOL 
WBIWE Vit— XXX ( sie =; ROXX XXX KXX XXX XXXXAXAXAAAX 
sig: | Nee tRWL 
eee tow. 
fee Viq— YVVYY IVY YY YY YR K KL KKK KY YK KKK EY 
me | | RAK RRR RK 
tus MH DS tou 
eet Vin— VVYV YVYVV AIA AAA AAA 
wioar RY RX RK 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
trwc = _ 
tra: trp 
RAS Mins taR : 
Vit— 
torP aeheerag ae ne —~ | seen ; 
CAS Vin- KAAA tcas — } c 
= 2 EN e, 
tCSH: 
tase teas ima tasc ont ee | 
a ia 
ane Vay, YN AA AAKAAKRAKAAA AAA A,AAAAAAAAAAAAYY 
Hoty OK CBR RRM ADDRESS KERR RRR RR RXR RRR 
| tcwo ——| |+trw.— 
twsr”!l | trwH CI ae tawD — a tcwL 
pase H— YY V4 AAANW/YVYVYY 
wae RE wre YT || ERK 
= tawo— 1h gege 
oe Vin— xX¥ tpzc : | | WKXXXKK KX XXX 
DHIGE Vir— 0.4 tpzo \N OKXX A OOH 
: —— toepd 
tMs | =o rn 1 ae z OEZ = | toH 


Vio 


tcLz ia DON’T CARE 
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TIMING DIAGRAMS continued) 
FAST PAGE MODE READ CYCLE 


fq a See 


XXXX 


LASVAA/ 
tates 


RAS Vin— [tar 
Vics 
eee ae Za tcp = - ay en 
Ane Vin YWWYSY tcas tcas - tcas 
ce OY Nt L/ 
oe tcsH | 
tasr | {| tran tase _| ae | a ltcan | ha | toca | 
[ey 
: Vin— V/V 
aoe RY : 
tRCH 
| | tres miepes 
tate Vin KKKKKKKK KK KY 
WBIWE vig X KKK 
tTHS 
ee ase ROY PAIYYV YY COOCEN KY 
TOE YH SOR ARN | AR _ AB 
torr 
i, 
hate! Vor- YYYYVYYY¥ 
wires Yo" QR 


tre 
[| tRasP = —b-H 
RAS ViH-—- tar 
ViL- 
tcrP ass top| | tRSH tcPN 
|= trop L-—| tcp ; | 
EAS ViH— XXX r\ tcas tcas 7 
CAS 
nn ROY N 3 


tasR | 


Vie— XXX ROW KYA coLumN WALYX 
ooo RCRD 


Et 
7, COLUMN 
ADDRESS 


twsr fal iti ri} twcH twos : “se | = | | 
See eeee n- WY (KX) twp VY twe AXK/ twe VYVYVAAAY 
wae RRB wre RT PYRE RRR CREE 
| tow me tow ma tcwL 
trus | | trHH | | {| ‘aie 
soe Ym TART] RKRERRRRRRRRREERREH RRR BRRREERRE EERE EEEERERIRH 
ee Vit— XX) COMI AGV..0.0,0,9. .9.9,9.9,9,9,9,9,0,9,0,9,0.41" XX XXX XXX XX 9.8, XX 


tos | | toy 


WAVAY; UMN YVYVYVV/ 
PRY sovates KRY 


meee ae XXX XXX 
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KM424C64 oe CMOS VIDEO RAM 


TIMING DIAGRAMS continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


ee eer eae trasp 4 
—_ Vin— L—— tar— 
RAS Vit— b 
' | | tpRWwc tpRWC—— = 
CRP trop top 
La] 
— Vin— WOOP & tcas tcas 
CAS XXX 
Vir— XY tasc = A f_/ 
tRAH ms tow. 
tasR | tcaH tow. tasc aie cast 
| are 
Vim "6% ROW A COLUMN COCO. x) COLUMN XXX XX XX LOOOCOOOOOOOOOO OOS 
torr SSK aoe AsanesS KSI ASIN, ASOnESS PSR CCC CCS NNN 
twp 
wowe  “H~ YOM” wee 
cwbD 
| 
DI/OE ViH— (XXS 
DT/OE g 
Vit— OY 
toEA 
tr AC tos tos 
, MH i | toeD | | tow are bone toeD coh tou 
MS: 1 
ae Vv eres A () }) 4 %, Re OXXXXXXXOX 
WwiDQi vi XN wm1 }) ey WY Cx) wy x) wy C) 1,4 ) RRKK SKS 
VALID DATA-OUT VALID DATA IN VALID DATA-OUT VALID DATA IN 
RAS ONLY REFRESH CYCLE 
tro — 
— trp 
—_ Vv =a tras 
RAS a 
a tcrp j “| tapc | tcrp 
Se | 
GAS Vin— AXXO s 
CRY RM \_/ 
tasR tRAH 
; Viq— OXY ) KX XKKXK KX KX V/V XX KKK XKK \/ XXXXKXKXKKK KK) 
forty YT BORA ADDress POOR eRe RAN Or RRR EKY 
RANE Vip— AXXO MOO DX AAAAAAAAAAAN ORO KAKA RRM OQ OAK RK KKK 
WB/WE 
Vin RRRRKK RRR RRR RK RR IKI RR IR NR 
tTHs }—— tTHH 
DTIOE Vip— XXX KX "o" "0% 0% XXX XX XXX AA/ "% "4% YYXY VA/ YYX WV, "4% A/AAAAKAAK?7 
ie RON RIKI RIKKI OH 
WilDQi Vou— OPEN 
VoL— 


RY DON’T CARE 
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CMOS VIDEO RAM 


TIMING DIAGRAMS 6 continued) 
CAS-BEFORE-RAS REFRESH CYCLE 


WBIWE 


DT/OE 


Wi/DQi 


ViH— 
Vit— 


ViH- 
Vit 


Vin— VaVaVaVa Vala VA VAVAVAaVavVaVAaVAaVAVAVAVAVaVAVAlsAVaVAa AVAVATVATAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN, 
7 RRR IK IY 


HIDDEN REFRESH CYCLE 


Ao-A7_ 


WBIWE 


DT/OE 


Wi/DQi 


c& SAMSUNG 
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Vin A KRK KKK KIKI KR KY KKK KY XYXKKKKKKKKKKN) 
1 RK KKK KK IKK KK KKK AK 
oe torr 
eos OPEN 
Ve_— 
| Note: Ao-A7= Don't care 
trac ‘ = _ trac ; a | 
eae a tRas —— ieee }+——— tras 

Vin t— tar — 
Vit- 

| tore trop — — teed — tcpn 
Vin — = a tcHR 
ve \ J / 

| tASR tRaH tasc tCAH | | 
Vin- ARRAS \. AAD poe XK KK KK KKK KKK RK KN) 
i OO 0 Fa esis crtororronreseretoiseniey 

| tacs| tRRH 
Vin— YAAYYYYYAYYYYYAY 4% YY KKK KKK XXX "0% "0% 
1 RRS SRR KKK 

| tr HS [tt HH 
Vine ea tROH = 
Vir— ‘ 


Rx DON'T CARE 


KM424C64 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
READ TRANSFER CYCLE 


tro. — 
trp 
[— tRAS isos a 
RAS Vili — tar 
Vit— 
hae tRSH | 
pa Vin— YYVYK a tcas 
ae Vit— 9,0,9,0.9 t trap \ {_/ 
TRAL 
) tase tasc tCaH 'osH ~ 
a] tRAH peaees 
Vin— V/V/V) \\) V/A AAAAAAAAS\/YVV Y 
torr SARK Sotess RQ SABSRART_DRRKKKKKRS SKI RKAKY 


Sat, Vin-- /A/V/VV 4 E IVI V YY AAA A/VYYV VV WYYWVWJYWV~Z/ WW” WW WYWYWJJYA JV YY A A/ 
wae AY RK KKK KIRK KKK UR 
trRD 

tTLs {TLH ag 
4 Vin— i A/V LVL A/ VY VA\A/AA/YVV/ 
wee ee RO frt—i“(‘C:éCCOS KX XKX XXX RK 

- tcso ——— 

torr ! 
Ke trsp are aa | 
Wi/DQi VoH- ; 
VoL— 


Sc 


VVYVVYVYVWVYVWVYWVWVWVV¥VWVVWV_¥VYVVVWVVVV9 
RK 


VALID 
DATA-OUT 
| 


Von- 
SDQ0-3 Vo. VALID DATA-OUT (Previous Row Data) (VALID DATA-OUT 
(2) a2 x 
Seo Ne RY DON'T CARE 


*1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as Read Transfer Cycle (1) 
*2. When the previous data transfer cycle is a read transfer cycle, it is defined as Read Transfer Cycle (2). 
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KM424C64 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
REAL TIME READ TRANSFER CYCLE 


tro 


trp 


— 


tRAS 


RAS Vin— tar 
Vii— 
tcre 
an Vin— VV \g 
cee XXY meee. NN yi. af 
a tRAL _ 
tasr : tasc tcaH as 
i 3 as nae 
; Vie— XX) Fe spenes IOR OY KK KKK KK KK KK NY 
omy i SOON. anoness DK SAbomess PARK KKK KR KY 
twsr | taTH L ttcp — 
WB, WE Vip— (XX \/\o / XXXXKXKXXKKKY \A/ XX XXX XY YXXXKXKXK KYKKKKXK KX \A/ YXXV 
Vie XY ROKR RR KKK RRR KR 
|. tcTH ttRD ———} 
tTLs tte 
tRTH 
ee Vin— W9 AKAAI AAA AIAAARAY 
DT/O OX X) 
Ee ON ORK KKK RY? 
toFF 
Wi/DQi VoH— — 
Vo_— 
tTs- 
}---——tscc tscc tscc 
tsc tsc tsc tsc 
tscp tscp == tscp ttsD tscp 
Vip— 
ee. pe NE Bae (ae | yo 
tsca tsca_ | tsca tsca tsca 
tsoH tsOu | tsoOH tsoH tsOH 
2 VoH- VALID y VALID \ f= VALID VALID 
$0003 on __ee_natour K oataSur Ph armour oaraour JX _oarwour 
SE=Vi. Previous Row Data New Row Data 


RY DON’T CARE 
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KM424C64 CMOS VIDEO RAM 


TIMING DIAGRAMS 6 continued) 
WRITE TRANSFER CYCLE 


RAS Vi-— 
tcorP ik tRsH —— 
a Vin— KRKXA/YVYY tcas 
as AY \ {_/ 
| is 
tasr tasc tcsH ; 
CAH 
Vin YY) xy SAM a XXX XXX XK AK KKK 
ODT Vit— YOON ADDRESS RY \_appress OOO) 
} 
ee ee Vip— VaValalaVal, WAA/SAS/Y VYASVVSV7 YY PA AAAAAAS/YVVVYV VV VA AAS/YVYVA/SVVY 
waive YAY RRO RR RK KR RY 
—— Vip— VaVaVaV AVaVsaVAVAVaVAVAVAVAVAVATAVAVAVAYAVAVAAVAVAVAVAVAVAVAVATATAVAYAYA A AVATAVAYA' 
OTE XY LX KK KKK 
: Wi/DQi 
Sc 
as ViH— AAAAAAA/AAAAAAJSYVASAAAA/AAAAJYVYVYVVYV) 
=e ne RR RK KK 
Vin— VY AAJA YY YV\A AA AAAAAAAAAA/YY/VYYVVYVVYV 
soos, WY RRR RRR OOK Bang 


Previous 


Row Data ——~—— New Row Data 


0 | DON’T CARE 
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TIMING DIAGRAMS (continued) 
PSEUDO WRITE TRANSFER CYCLE 


Vin— 


RAS 


ViL— 


‘cae trop tRSH —— 


tcre 


Sit 


Vir- VW 


Vip— AKAKAA) AAA AW V0 
mane Vir— ONY XY ADDRESS i) ( Atonces RO Oy y y 


oe, Vin— 0 A) TATAAAIAKAAAAMAARAAAT AIT INARA MAAK AAAI AAANAAAY 
wawe — OY SOOM MMMM COGN 
ee. Vin— DAWA) AAAAECIAAAAAARAAAAAIT IIIA A AARAKAARAARAIAIAAR AY 
orig _ SYN SSS ELE 
torr 
VoH— 
Wi/DQi OPEN 
we tcsp 
tsrs en on tsc 
De tscp 
ania (mera NS 
tEsr tREH t 

ae sws 
= ViH— AAAAAAAAAPAAAAAAAAAAAAAAAAAAAAAAY 
Ee RRR RR _ 

tsps tspH 
ViioH — VV A/V FRA AAAAAAA/S/VVSA/Y90 VV/Y 

s0009 vio. _oatmour ROARED OO EE 

Serial Output | —_ Serial 

Mode | Input Mode 
| 


AX DON’T CARE 
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TIMING DIAGRAMS continued) 
SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 


—— Vin— 
RAS 
Vit— 
tTHS tTHH 
ae ViH— 
DTIOE Hea 
tscc — —— tscc tscc —-~~+—= tscc 
tsc tsc tsc tsc tsc 
tscp ocd tscp | tscp a tscp tscp 
Vip— : 
< = | YN] al 
Vit— S n n+1 n+2 
os ViH— 
SE 
Vit— 
tsca ISCA 
tsca | tsoH tsoH 
VoH— VALID Vv VALID : VALID VALID v 
a re t_pata-out JA paTa-ouT _/ d DATA-OUT JN DATA-OUT _M 
n-3 — n-2 n-1 n n+1 n+2 
= VALID DATA OUT 
SERIAL READ CYCLE (SE=V,,) 
—_— Vip— 
RAS 
Vit— 
trHs tTHH 
an Vip— 
DTIOE 
ViL— 
-—— tscc iscc — tscc tscc ——4 
tsc tsc tsc tsc tsc ! 
tscp tscp tscp tscp tscp 
ie Vit— n-2 n-1 n+1 n+2 
tsca tsca tsca tsca 
tsoH tsoH tsoH 
Yet 
Vou— / VALID 4 VALID ; VALID ‘ VALID v, VALID A. 
SDQ0-3 Voies DATA-OUT #¥ DATA-OUT DATA-OUT JX DATA.OUT A DaTA.ouT A 
n-3 | n-2 n-1 n n+1 n+2 
DON’T CARE 
22 


& SAMSUNG 


Electronics 


KM424C64 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
SERIAL WRITE CYCLE (SE = Vi) 


g| 
S 
2 


sc 


SDQ0-3 


Vip— 
ViL— 
tTHS tTHH 


ViH— 
Vit— 


Vip— 
= n+1 n+2 
‘ -2N 4 i ae 


tsbH | tspH tsbH 


tsps tsps tsps 
Vin— OXA VALID NAXXNA VALID NAXXAA VALID NAXAY VALID MAXX VALID NAXX) 
Vn DRAM STA PRON ona PRON. ona PRIIK, OMAN PRIN, OAH NRA 
l 
n-2 n-1 n n+1 n+2 


Req DON’T CARE 
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PACKAGE DIMENSIONS 
24-PIN PLASTIC DIP Units: Inches (millimeters) 


1.200 (30.48) 0°~ 15°C 
MAX 


0.353 (8.97) 
0.380 (4.65) 


0.400 (10.16) 


ae (10.79) 


Oe a 
0.05 (1.27) + 0.005 , 
TYP 0.210 (5.33) 0.011 + 0.002 


0.015 (0.38) MAX (0.28) 
MIN 


RRR 


Eee | ors001 aso | 0.018 (0.46) 
TYP 


0.05 (1.27) MAX 0.024 (0.61) 


0.325 (8.26) 
REF 


24-PIN PLASTIC ZIP 


1.420 (36.07) 0.113 (2.87) 


0.120 (3.05) 


0.322 (8.18) 


0.400. (10.16) 
0.388 (9.85) 


MAX 


0.517 (13.13) REF 


0.100 (2.54) 


0.05 (1.27) | 0.009 (0.23) 
vee 0.100 + 0.01 (2.54) ’ 0.013 (0.33) 


(saz a a0 eal el LL aE TL ILA ae 
bp ToT EF Fp 


0.05 + 0.01 (1.27) 0.016 (0.41) 
TYP 0.024 (0.61) 


— 
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256K x 4 Bit CMOS VIDEO RAM 
FEATURES 


¢ Dual Port Architecture 
256K x 4 bits RAM port 
512 x 4 bits SAM port 
¢ Performance range: 


Item -8 -10 | -12 
RAM access time (trac) 80ns |100ns |120ns 
RAM access time (tcac) 25ns | 25ns | 30ns 
RAM cycle time (tro) 150ns |180ns |220ns 
RAM page mode cycle (tpc)| 50ns | 6Ons | 75ns 
SAM access time 25ns | 25ns | 35ns 
iSAM cycle time 30ns |} 30ns |; 40ns 
RAM active current 80mA| 65mA| 55mA 
SAM active current 45mA| 40mA| 35mA 
RAM & SAM standby 38mA, 3mA, 3mA; 


¢ Fast Page Mode 

¢ RAM Read, Write, Read-Modify-Write 

¢ Serial Read and Serial Write 

¢ Read Transfer and Write Transfer 

¢ Real time read transfer capability 

¢ Write per Bit masking on RAM write cycles 

¢ CAS-before-RAS, RAS-only and Hidden Refresh 

¢ Common data I/O using three state RAM output control 
¢ All inputs and outputs TTL and CMOS compatible 
e Refresh: 512cycles/8ms 

° Single +5V+10% supply voltage 

¢ Plastic 28-pin 400 mil SOJ and ZIP 


FUNCTIONAL BLOCK DIAGRAM 


REGISTER 


REFRESH 
ADDRESS 
COUNTER 


ADDRESS BUFFERS 
COLUMN DECODERS 


WO0/DQO 
W1/DQ1 
W2/DQ2 
W3/DQ3 


BUFFER 


MEMORY ARRAY 
256K x 4 CELLS 


ADDRESS BUFFER 


ROW DECODERS = 


512x4 
SERIAL DATA REGISTERS 
SERIAL DATA SELECTOR 


SERIAL 
ADDRESS 
COUNTER | 


—-—-- Vee 
Vss 


CMOS VIDEO RAM 


GENERAL DESCRIPTION . 

The Samsung KM424C256 is a CMOS 256K x 4 bit 
Dual Port DRAM. It consists of a 256K x 4 dynamic ran- 
dom access memory (RAM) port and 512 x4 static serial 
access memory (SAM) port. The RAM and SAM ports 
operate asynchronously except during data transfer bet- 
ween the ports. 

The RAM array consists of 512 rows of 2048 bits. It 
operates like a conventional 256K x 4 CMOS DRAM. The 
RAM port has a write per bit mask capability. 

The SAM port consists of four 512 bit high speed shift 
registers that are connected to the RAM array through 
a 2048 bit data transfer gate. The SAM port has serial 
read and write capabilities. 

- Data may be internally transferred bi-directionally be- 
tween the RAM and SAM ports using read or write 
transfers. 

Refresh is accomplished by familiar DRAM refresh 
modes. The KM424C256 supports RAS-only, Hidden, and 
CAS-before-RAS refresh for the RAM port. The SAM port 
does not require refresh. 

Ail inputs and I/O’s are TTL and CMOS level compati- 
ble. All address lines and Data Inputs are latched on chip 
to simplify system design. The outputs are unlatched 
to allow greater system flexibility 


PIN CONFIGURATIONS (Top Views) 


Vss ‘Do 


w2/iDQ2 
SDQ3 SE 


SDQ2 SDQ3 
SE SC 
W3/DQ3 SOE spat 
- oo w1/DQ1 ee 
CAS RAS 
N.C. AG 
oy [20] A4 
eA A7 
A2 A2 
Aa AO 
AT GAS 
SOJ ZIP 
| Pin Name Pin Function 
| SC | Serial Clock 
| SDQo-SDQg | Serial Data Input/Output 
— Data Transfer/ 
| TIE Output Enable 
| WBIWE Write Per Bit/Write Enable 
RAS | Row Address Strobe 
| CAS | Column Address Strobe 
W/DQo — Data Write Mask/ 
| W,/DQ; Input/Output 
| SE | Serial Enable 
| Ao-Ag Address Inputs 
| Vee | Power (+ 5V) 
| Vss | Ground 
N.C. No Connection 
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KM424C256 CMOS VIDEO RAM 
ABSOLUTE MAXIMUM RATINGS* 


Item Symbol Rating . 


Voltage on Any Pin Relative to Vss Vin, Vout -—1to +7.0 


Voltage on Vcc Supply Relative to Vss__ Vee -1to +7.0 


Storage Temperature Tstg —55 to + 150 


Power Dissipation Pp 1 
Short Circuit Output Current los 50 


*Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta =0 to 70°C) 


Ground 


Input High Voltage 


Input Low Voltage : 


DC AND OPERATING CHARACTERISTIC 


(Recommended operating conditions unless otherwise noted) 


Sperating Current* Standby | loc: | 80 | 65 | 55 | ma | 

(RAS and CAS Cycling @ trac = min) 120 | 100 

Standby | RAS, CAS, DT/OE | SE=Vin, SC= Vin Standby 3 3 
WB, 


Current WE = Vin SE=Vi, SC =Cycling Active 
RAS Only Refresh Current* Standby 


Parameter (Ram Port) 


(CAS = Vin, RAS Cycling @ trac = min) Active 85 | mA 
Fast Page Mode Current* Standby 40 | mA | 
(RAS = Vi, CAS Cycling @ tec =min) Active 70 | mA 
CAS-Before-RAS Refresh Current* _Standby 


(RAS and CAS Cycling @ tac= min) 


Data Transfer Current* 
(RAS and CAS Cycling @ trac = min) 


Active 
Standby 
Active 


*NOTE: Icc1/A, leca/A, Ieca/A, Iccs/A and Icce/A are dependent on output loading and cycle rates. Specified values 
are obtained with the output open, Icc is specified as an average current. 


INPUT/OUTPUT CU RRENTS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any input 0<Vin<6.5V, 
all other pins not under test = 0 volts.) 


Output Leakage Current (Data out is disabled, 
OV <VOUT <5.5V) 


Output High Voltage Level 
(RAM lon = —5mA; SAM Ion = — 2mA) 


Output Low Voltage level 
(RAM Io. = 4.2mA, SAM lo, = 2mA) 
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CAPACITANCE (1, =25°c) 


DT/OE, SE, SC) 


item Symbol Min Max Unit 
Input Capacitance (Ao-As) [ Cint _ 6 | pF 
Input Capacitance (RAS, CAS, WB/WE, Cine _ 7 pF 


Input/Output Capacitance (W0/DQ0-W3/DQ3) 


Input/Output Capacitance (SDQ0-SDQ3) 


Parameter 
Random read or write cycle time tre 
Read-modify-write cycle time trawc 
Fast page mode cycie time tec 
Fast page mode read-modify-write tpRWC 
Access time from RAS | trac 
Access time from CAS i tcac 
Access time from column address taa 
Access time from CAS precharge _ [ tcPA 
CAS to output in Low-Z tcLz 
Output buffer turn-off delay torr 
Transition time (rise and fall) tr 50! 3 
RAS precharge time tap 
RAS pulse width tras 10,000 10,000 | 
RAS pulse width (Fast page mode) tRASP 100,000] 100,000 
RAS hold time 7 tRSH 
CAS hold time ; tcsH 
CAS pulse width tcas 
RAS to CAS delay time trop 
RAS to column address delay time | tRAD 
CAS to RAS precharge time tcrP 
CAS precharge time | tcpn 
CAS precharge time (Fast page) | top 
Row address set-up time zai tasr 
Row address hold time tRaAH 
Column address set-up time | tase 
Column address hold time “tCAH 
Column address hold referenced to AAS | tar 
Column Address to RAS lead time tRAL 
Read command set-up time tRcs 
Read command hold referenced to CAS | trcn 


Read command hold referenced to RAS tRRH 


Write command hold time 


twcH 
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STANDARD OPERATION (Continued) 


Parameter 


KM424C256-8 | KM424C256-10 | KM424C256-12 


Write command holod referenced to RAS 
Write command pulse width | twp | 
Write command to RAS lead time tRwe 
Write command to CAS lead time | towt | 
Data set-up time tos | 10 
Data hold time | ton 20 25 ns | 10 
Data hold referenced to RAS toHR 75 85 ns 
Write command set-up time twos 0 - | 0 | | 0 : ns 8 | 
CAS to WE delay tcewo | 55 60 70 ns 8 
RAS to WE delay tawo |110 [135] 160| re | 8 
a address to WE delay time |_tawo 75 | 85 100 ns 8 
CAS setup time (C-B-R refresh) | tcsr 10 {| 10 |_10 ‘ns t 
CAS hold time (C-B-R refresh) tcHR | 15 20 | 25 [ns | 
RAS precharge to CAS hold time trpc 10| | 10| {| 10] [ns | | 
RAS hold time referenced to OE tROH 20, i 28 20| _| ns | | 
| Access time from output enable toca 25 25 30] ns | | 
Output enable to data input delay {| toep 15 | 20 {_ ee) en {ns 
Output buffer turnoff delay from OE toez (0) 20 be O| zal ) 30] ns 7 
Output enable command hold time toeH 20 | 25 30| ns 
Data to CAS delay tpzc ) of | Oo | ns 
Data to output enable delay _ tozo _ OF { OF | Oj | ns 
Refresh period (512 cycles) tREF 8 | | 8 8 | ms | 
WB set-up time twsr 0 (¢) 0 ns 
WB hold time tawH | 15 15 20| ns 
Write per bit mask data set-up tus 0 } 0} \ | | ns | 
Write per bit mask data hold 7 tH 15 15] 20 [ns 
DT high set-up time | tTHs ) | 0} co} ns | 
pad high hold time _ L tTHH 15 15 mea | ns 
DT low set-up time a tns | 0 o| | 0 ns 
DT tow hold time _ try | 16 15 | 20] ns | 
relies ead tain taTH a 2c 20 eS 
Crime fem [so] [oo] [a5] | m 
ae wm fos) fas} | ao] ms 
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STANDARD OPERATION (Continued) 


KM424C256-8 | KM424C256-10 | KM424C256-12 
| Parameter Symbol Unit | Notes 
Max Max 
SE hold time referenced to RAS ee E eae 7 | 
‘OT high to RAS high delay t time ; trRD : 10 I 10 ns a 
DT high to CAS high delay time _ | treo (| (10 10 10 ns | 
‘DT precharge time 7 | tre 25]. 30 ; | 35] ns 
RAS to first SC delay (read transfer) | trsp | 100 100 120| ns 
CRS to first SC delay (read transfer) | tcsp 40 - 50 60 (ns 
Last SC to DT lead time trs 0 To 6) ns 
DT to first Sc delay (read transfer) | tsp 15 20 20] ns 
Last SC to RAS set-up (serial ‘input) na: |_tsrs 25 | 30 | 40 ns | J 
RAS to s¢ serial input delay tspp 40 50 60 ns 
Rada ae delay from RAS ae 10 40! 10 50! 10 60! ns 7 
Serial input to first SC delay tszs 0) | 0 e) ns | 
sc cycle time ieee tscec 30 30 40 ns 
SC pulse width (SC high time) - tsc 10 10 15 ns 
SC precharge (SC low time) tscp 10 10 15 ns Al 
Access time from SC asi tsca 25 | 25 35] ns 4 | 
| Serial output hold time from SC tsoH 5 5 5 ns 
| Serial input set-up time |_ tsps ) @) | ¢) | 
Serial input hold time ; ______|_tsox 15 20 30 ns 
Access time from SE _ tsEA 25 25 35) ns 4 
SE pulse width " tse 20) {25 if 35 ns | 
SE precharge time z tsep 25 25 35 ns. 
Serial out buffer turn- off from SE = tseEz 0 15 0 20) 0} 30] ns | 7 
| Serial input to SE delay time tszeE 0 | 6) 6) | ns 
i Serial write enable set-up tsws 5 5 10 ns 
Serial write enable hold time 
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NOTES 


1. 


11. 


An initial pause of 200us is required after power-up followed by any 8 RAS, 8 SC cycles before proper device 
operation is achieved (DT/OE = HIGH). If the internal refresh counter is used,a minimum of 8 CAS-before-RAS 
initialization cycles are required instead of 8 RAS cycles. 


. Vin(min) and Vi(max) are reference levels for measuring timing of input signals. Transition times are measured 


between V;(min) and V\(max) and are assumed to be 5ns for all inputs. 


. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF. 
. SAM port outputs are measured with a load equivalent to 2 TTL loads and 50pF. Dour comparator level: 


Von/Vor = 2.0/0.8V. 


. Operation within the taco(max) limit insures that tradimax) can be met. taco(max) is specified as a reference point 


only. If trcp is greater than the specified trco(max) limit, then access time is controlled exclusively by tcac. 


. Assumes that trcp>trcp(max). 
. The parameters, torr(mMax), toez(max), tsoximax) and tsez(max), define the time at which the output achieves the 


open circuit condition and is not referenced to Vox or VoL. 


. twos, tawo, tewo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 


trical characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data out pin will remain 
high impedance for the duration of the cycle. If towo>tewo(min) and trwo<trwo(min) and tawo>tawo(min), then 
the cycle is a read-write cycle and the data out will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 


. Either trcy or tray Must be satisfied for a read cycle. ee 
. These parameters are referenced to the CAS leading edge in early write cycles and to the DT/OE leading edge 


in read-write cycles. 
Operation within the trap(max) limit insures that tacp(max) can be met. tran(max) is specified as a reference point 
only. If tran is greater than the specified tran(max) limit, then access time is controlled by tas. 


DEVICE INFORMATION 


All operation modes of KM424C256 are determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 
The truth table of the operation modes is shown in table 1. 


Table 1. Operation truth table 


“CAS ADDRESS FUNCTION 
eS H ae: H . * . Standby 

L ‘ ; CAS-before-RAS Refresh 
H row/column H>L H * READ 
H row/column H HL WRITE 
H row H * 7 RAS-only Refresh 
H row/column H L * WRITE-per-Bit 
H row/tap L H A READ Transfer 
H row/tap L L L WRITE Transfer 
H row/tap L L Pseudo-Write Transfer 
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Device Operation 


The KM424C256 contains 1,048,576 memory loca- 
tions. Eighteen address bits are required to address a 
particular 4-bit word in the memory array. Since the 
KM424C256 has only 9 address input pins, time 
multiplexed addressing is used to input 9 row and 9 col- 
umn addresses. The multiplexing is controlled by the tim- 
ing relationship between the row address strobe (RAS), 
the column address strobe (CAS) and the valid row and 
column address inputs. 


Operation of the KM424C256 begins by strobing in a 
valid row address with RAS while CAS remains high. 
Then the address on the 9 address input pins is chang- 
ed from a row address to a column address and is strob- 
ed in by CAS. This is the beginning of any KM424C256 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The 
cycle is terminated when both RAS and CAS have 
returned to the high state. Another cycle can be initiated 
after RAS remains high long enough to satisfy the RAS 
precharge time (tre) requirement. 


RAS and CAS Timing 


The minimum RAS and CAS pulse widths are specified 
by tras(Min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, 
a new cycle must not begin until the minimum RAS 
precharge time, tre, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM424C256 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 


A read cycle is achieved by maintaining WB/WE high 
during a RAS/CAS cycle. The access time is normally 
specified with respect to the falling edge of RAS. But 
the access time also depends on the falling edge of CAS 
and on the valid column address transition. If CAS goes 
low before tracp(max) and if the column address is valid 
before tran(max) then the access time to valid data is 
specified by trac(min). However, if CAS goes low after 
traco(max) or if the column address becomes valid after 
tran(Max), access is specified by tcac Or tan. 


The KM424C256 has common data I/O pins. The DT/OE 
has been provided so the output buffer can be precise- 
ly controlled. For data to appear at the outputs, DT/OE 
must be low for the period of time defined by toga. 


Write 


The KM424C256 can perform early write, and read- 
modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between WB/WE, DT/OE and CAS. 
In any type of write cycle, Data-in must be valid at or 


before the falling edge of WB/WE whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing WB/WE low before CAS. The 4-bit wide data at the 
data input pins is written into the addressed memory 
cells. Throughout the early write cycle the outputs re- 
main in the Hi-Z state. In the early write cycle DT/OE 
must meet DT/OE high set-up and hold time as RAS falls 
but otherwise does not affect any circuit operation dur- 
ing the CAS active period. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cells appears at the outputs before and during 
the time that data is being written into the same cell 
locations. In this cycle read operation is achieved by 
bringing DT/OE low with RAS and CAS low. The access 
time to valid data is specified by tors. After DT/OE goes 
high, the data to be written is stored by WB/WE with 
set-up and hold times referenced to this signal. 


Late write: This cycle shows the timing flexibility of 
(DT/OE) which can be activated just after (WB/WE) falls, 
even (WB/WE) is brought low after CAS. 


Fast Page Mode 


Fast page mode provides high speed read, write or read- 
modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row address, 
CAS is cycled to strobe in additional column addresses. 
This eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


Write-Per-Bit 


The write-per-bit function selectively controls the inter- 
nal write-enable circuits of the RAM port. When WB/WE 
is held ‘low’ at the falling edge of RAS, during a random 
access operation, the write-mask is enabled. At the 
same time, the mask data on the Wi/DQi pins is latched 
onto the write-mask register (WM1). When a ‘0’ is sens- 
ed on any of the Wi/DQi pins, their corresponding write 
circuits are disabled and new data will not be written. 


When a ‘1’ is sensed on any of the Wi/DQi pins, their 
corresponding write circuits will remain enabled so that 
new data is written. The write mask data is valid for only 
one cycleThe truth table of the write-per-bit function is 
shown in table 2. 
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Table 2. Truth Table for Write-per-Bit Function 


WRITE ENABLE 
WRITE ENABLE 
WRITE MASK 


Data Output 

The KM424C256 has a three state output buffers which 
are controlled by CAS and DT/OE. When either CAS or 
DT/OE is high (Vi) the output is in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the output the output goes into the low impedance state 
in a time specified by to. after the falling edge of CAS. 
Invalid data may be presented at the output during the 
time after tc.z and before the valid data appears at the 
output. The timing parameters tcac, trac and taa Specify 
when the valid data will be present at the output. The 
valid data remains at the output until CAS returns high. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM424C256 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 

Refresh 

The data in the KM424C256 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integri- 
ty it is necessary to refresh each of the 512 rows every 
8 ms. Any operation cycle performed in the RAM port 
refreshes the 2048 bits selected by the row addresses 
or an on-chip refresh address counter. Either a burst 
refresh or distributed refresh may be used. There are 
several ways to accomplish this. 

RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing ina 
row address with RAS while CAS remains high. This cy- 
cle must be repeated for each of the 512 row addresses, 
(Ao-Ag). 

CAS-before-RAS Refresh: The KM424C256 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for extemal refresh addresses. If CAS is held low 
for the specified set up time (tcsa) before RAS goes 
low, the on-chip refresh circuitry is enabled. An inter- 


Table 3. Truth Table for Transfer Operation 


nal refresh operation automatically occurs. The refresh 
address is supplied by the on-chip refresh address 
counter which is then internally incremented in prepara- 
tion for the next CAS-before-RAS refresh cycle. 
Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM424C256 hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh 
the KM424C256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Transfer Operation 

The KM424C256 features bi-directional transfer capabili- 
ty from RAM to SAM and from SAM to RAM. A transfer 
consists of loading 512 words by 4-bits of data from one 
port into the other. During a data transfer cycle, RAM 
port and SAM port can’t operate independently. Data 
transfer cycle includes are following operations. 

i) Data is transferred between RAM memory cell on 
the specified row address and SAM data register 
(except pseudo write transfer). 

ii) Direction of data transfer is defined. 
iii) Serial read or serial write is selected. 
iv) SAM start address (the address to be accessed 
first after the termination of transfer cycle in the 
SAM data register) is specified. 
There are three types of transfer operations: read 
transfer, write transfer and pseudo-write transfer. As 
shown in table 3, the type of transfer operation is deter- 
mined by CAS, DT/OE, WBME and SE at the falling edge 
of RAS. 


Read transfer cycle 
Write transfer cycle 
Pseudo write transfer cycle 


RAM~SAM 
SAM RAM 
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Read-Transfer Cycle 

A read-transfer consists of loading a selected row of 
data from the RAM array into the SAM register. A read- 
transfer is accomplished by holding CAS high, DT/OE 
low and WBME high at the falling edge of RAS. The 
row address selected at the falling edge of RAS deter- 
mines the RAM row to be transferred into the SAM. 


The actual data transfer is completed at the rising edge 
of DT/OE. When the transfer is completed, the SDQ lines 


are set into the output mode. In a read/real-time read- 
transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DT/OE and becomes valid 
on the SDQ lines after the specified access time tsca 
from the rising edge of the subsequent serial clock(SC) 
cycle. The start address of the serial pointer of the SAM 
is determined by the column address selected at the 
falling edge of CAS. 


Figure 2: BLOCK diagram of RAM and SAM PORT during read transfer 


SAM START oer 2h 


DATA BUS 


SDQ3 


SDQ2 
$0Q1 
SDQO 


SERIAL ACCESS MEMORY 


SAM PORT 


TRANSFER CONTROL GATE 


SELECT ROW 


RAM PORT 
256K BIT RAM 


ROW DECODER 


Write Transfer Cycle 

A write transfer cycle consists of loading the content 
of the SAM data register into a selected row of RAM 
array. A write transfer is accomplished by CAS high, 
DT/OE low, WB/WE low and SE low at the falling edge 
of RAS. The row address selected at the falling edge 
of RAS determines the RAM row address into which the 
data will be transfered. The column address selected 
at the falling edge of CAS determines the start address 
of the serial pointer of the SAM. After the write transfer 
is completed, the SDQ lines are in the input mode so 
that serial data synchronized with SC can be loaded. 
When two consecutive write transfer operations are per- 
formed, there is a delay in availability between the last 
bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant 
Vii or Vin after the SC precharge time tscp has been 
satisfied. A rising edge of the SC clock must not occur 
until after a specified delay traso from the falling edge 
of RAS. 

Pseudo Write Transfer Cycle 

The pseudo write transfer cycle switches SDQ lines 
from serial read mode to serial write mode. It doesn’t 
perform data transfer. A pseudo write transfer is ac- 


MEMORY CELL ARRAY 


complished by holding CAS high, DT/OE tow, WB/WE 
low and SE high at the falling edge of RAS. The pseudo 
write transfer cycle must be performed after a read 
transfer cycle if the subsequent operation is a write 
transfer cycle. There is a timing delay associated with 
the switching of the SDQ lines from serial output mode 
to serial input mode. During this period, the SC clock 
must be held at a constant Vi. or Vin after the tsc 
precharge time has been Satisfied. A rising edge of the 
SC clock must not occur until after the specified delay 
tasp from the falling edge of RAS. 


SAM Port Operation 

The’ KM424C256 is provided with a 512 word by 4 bit 
serial access memory (SAM). High speed read and write 
operation may be performed through the SAM port in- 
dependent of the RAM port operations, except during 
transfer operation. The preceding transfer operation 
determines the direction of data flow through the SAM 
registers. Data may be read out of the SAM port after 
a read transfer cycle (RAM~>SAM) has been perform- 
ed. Data can be shifted out of the SAM port starting at 
any of the 512 bit locations. This tap location cor- 
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responds to the column address selected at the falling 
edge of CAS during the read transfer cycle. The SAM 
register is configured as a circular data register. The data 


is shifted out sequentially starting from the selected tap 
location to the most significant bit and then wraps 
around to the least significant bit. 


| | | | | | | Tap location started by column 
address of read-transfer cycle. 


Subsequent real time read transfer may be performed 
on the fly as many times as desired within the refresh 
constraint of the RAM memory array. A pseudo write 
transfer cycle must be performed in order to write data 
into the SAM port. This cycle switches the SAM port 
operation from output mode to input mode. Data is not 


Table 4. Truth Table for SAM Operation 


read- serial 


transfer output 

| mode is 
write- serial 
transfer input 


mode 


*When simultaneous operation is being performed on 
the RAM port and the SAM port, DT/OE must be held 
high at the falling edge of RAS so as to prevent a false 
transfer cycle. 


Serial Clock (SC) 

All operations of the SAM port are synchronized with 
the serial clock SC. Data is shifted in or out of the SAM 
registers at the rising edge of SC. In a serial read, the 
output data becomes valid on the SDQ pins after the 
maximum specified serial access time tsca from the 
rising edge of SC. The serial clock SC also increments 
the 9 bit serial pointer which is used to select the SAM 
address. The pointer address is incremented in a wrap 
around mode to select sequential locations after the 
starting location which is determined by the column ad- 
dress in the read transfer cycle. When the pointer 
reaches the most significant address location (decimal 
511), the next SC clock will be placed at the least signifi- 
cant address location (decimal 0). 


Serial Enable (SE) 


The SE input is used to enable serial access operation. 
In a serial read cycle, SE is used as an output control. 
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Preceding SAM port DT/OE (at the falling 
Transfer operation edge of RAS) 
Cycle y ? 


transferred during a pseudo write transfer cycle. A write 
transfer cycle (GAM RAM) may then be performed. The 
data in the SAM register is loaded into the RAM row 
selected by the row address at the falling edge of RAS. 
The start address of SAM registers is determined by the 
column address selected at the falling edge of CAS. 


sc SE Function 


Serial read enable 


Serial read disable 


L Serial write enable 


When SE is high, serial access is disabled, however, 
the serial address pointer location is still incremented 
when SC is clocked even when SE is high. 

Serial Input/Output (SDQ0-SDQ3) 

Serial input and serial output share common I/O pins. 
Serial input or output mode is determined by the most 
recent transfer cycle. When a read transfer cycle is per- 
formed, the SAM port is in the output mode. When a 
pseudo write is performed, the SAM port operation is 
switched from output mode to input mode. During 
subsequent write transfer cycle, the SAM port remains 
in the input mode. 


Power-up 

if RAS =V,. during power-up, the KM424C256 could 
possibly begin an active cycle. This condition results 
in higher than necessary current demands from the 
power supply during power-up. It is recommended that 
RAS and CAS track with Voc during power-up or be 
held at a valid Vi, in order to minimize the power-up 
current. 


An initial pause of 200 psec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 
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wo AT | mom] AQ f / 
tCsH 


IH-- \\)3 UMA AAAAAAAAAAAA/LYYY YY ASLYAAAA/A/YYVY Y 

a x IIH LEX) 
k tcwo { j—-tawL-—— 

Vipn— A\A\\\\/ XX \A/ 
We KRY 
Vin TAAKIIVVVV VV 
a IR 
ViiOH 
Viol 


RY DON’T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ CYCLE 


trRasP ne ee 
RAS Vin— tar 
Vit— 
taco ne ies ve cP tasH—— torn | 
CAS a: - ans yi \ ‘Gas- “teas - tcas ,, 
i— VYAKA 
tcsH | 
sol [fit se tio | ftom [FL | | 
Vin— OXRA? ROW XY COLUMN “\WA/Y X Wy LV AV) 
mots RR Ro FRYE KoDntSs PRK <oonees RRM ssonets DORR) 
| | | | RCS | trcs eeu 
| | tacs tacH—tH+| tacH—t{—4 tRRH 
a vine MXXXXXKX XX KY \ KYYYY 
mame — Y"~ BORO Y XY 
tTHS 
= . Vg AASV Y FA/\/V/Y Y P/V VY 
ooe NT AY OY ON CS 


worl torr 
: im 1 
Vouo—- YWYYYAAAY ¢, VALID Og VALID KY LID 
woo Yo DRY YM oar our PTY (onto PT OM Ath Sur 
LZ 


x 
teiz tcLz 


tRAC 


FAST PAGE MODE WRITE CYCLE 


tRasP a — cane 


RAS ViH— tar 
ViL- | 
tcrp tpc top| 'RSH , tCPN | 
b—— trcp | --—] top ; 
=e — YYY% t toas—| 
CAS Vin XX Wy \\ CAS J 7 
Vir-— AAAQ = 5 
tasR he 'cAH | | 
poeta 


pon] 
Vie— XXXQq- Row Wii coLumn WAYYX\A-cotumn W¢XX KX) COLUMN YX XY 
Ao Ag as AY ‘ee Qi WX ADDRESS KY) \_ ADDRESS YY) \_ ADDRESS KK) 
tRWH twos | 
tw | | twCH | 


9, a 
i ween 
HOPE: “14,6 00) ‘NEON BXT)-t  — AXT RRR 
eee Pe FR TTT TAROT SAN 


Vit— KX WAV AV AVA WAVAVAVA' 


Ll ea, [nel | — tow. L+H tow. 
ous HH tRWL 


Ys 
ag ae a vw ‘s, VAVAVAVAVAY, VaVaVavaa¥.Wa¥. FV ata ¥aVa Valea VAVaVaVaVa Va Va VA VAVAVAVAVAVAVAVAVAWAVAV 
ee eG GE 


ViH— 
Vit— 


GA AV AVAVAVAVAVAY, 
WY) 


Reed DON’T GARE 


Wi/DQi 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


Ao-Ag 


WBIWE 


DT/OE 


Wi/OQi 


Le trasp — 


Vin }—— tar— 
Vit— 


tcrp trop | ; 


tasR ee | | tcan tcwe tasc | tcaH i 
TTT | eae 
Vin— XOXO ae. ee IKXXKKONAX OX KK KK KKK KIX) 
Vi SPN ADDN ADDRESS _PROYKSRNSAGAL ADDRESS PRA SN SKI IIH HICK IHC 11K 1K KD 
twsR} | tawH twp twp 
- | 
(| WPB 
Ve OY y tawp | 
tcwo | ea towo — 
t trwo — | | 
esata Berall | | | | 


x 
Vit— x ‘oze | N 
tpzo | tor 


toEA | 
tcac — | 


fn Ta] trac | tora i ines Oa aaa 
tus Ls tcac = en tbH 
2 DEMHO 90404 OE 
Vion XO PRP ORK) y NS PREKKIIR 
VALID DATA-OUT VALID DATA IN VALID DATA-OUT VALID DATA IN 


RAS ONLY REFRESH CYCLE 


RAS 


CAS 


Ao-As 


DT/OE 


Wi/DQi 


ViH— 

Vit— 

Vip— ROY 

Vv L—- XXX) 

Vie RRR KR RI KRY 

Vv ! H oa, XXXX XK KX QO AAKAAANAAAXK KKK KKAK ARK IKK RAIN KOK KAKK KX XXX KX XXX 

Vi ROARK RK RK ROKK RRR ORR RII ICRC IRR 
tTHs + trHy 

ViH— XXXXM KX XXX XXX YK XK KYYV YK KY YY KYYYY YY YY VYAMNANAAA/ 

is BOD KKK RRR RMI I OI 

VoH— OPEN 


Vo_— 
RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH CYCLE 


RAS Mier 
Vit— 

— Vin- 

CAS i" 
Vit— 


\/ 


—- —_ Vin— YYYYWYVYVYYVYYVWVWAYYYYYYYY YY 
WBE ORRIN 


SYVV/Y YAS YVASAAAA/SYYVYVVVVYVVYVV 
I OY 


DLVMV LV 


——— IH DOV WV YVR 
STTTMMOHUIRY OAC0ASNLOONALOLOQLOOOSA0 0,0 06,0006404.4N000,06.40400000000 0400 0 batatadctQatutadiutnits 


aE: lOFF 


wirpagi = VoH— OPEN 
Vo_— 
Note: Ao-Ag = Don’t care 


HIDDEN REFRESH CYCLE 


RAS ae 
IL— 
tore | tcpn 
—— Vig— tcHR 
mt saat ee, 
Vit— 


tase 


VY YY YAY YY YY 
Neetibelanoetaneetanoeanrn tenn 


eee Vii— RORY  acitWes RA _ ADDRESS _ PRK RRR KRKK 


tRRH 


i — MYYVYYYWYAYVAYYVYYV4A¥ QYVYVVVYYYVYVYYYYWVYYWVYVYVY_YVWWVV/ 
wee XI KXRY KKK KCK 
tTHS {THH 
ie tROH = 
ATIAE Vip— y 
as vir— | KN VA 
toez 
torr 
tcac 


a trac 


A VoH— 
Wi/DQi x 
Vot— 4 VALID DATA-OUT !) 
Red DON'T CARE 
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KM424C256 CMOS VIDEO RAM 


TIMING DIAGRAMS £<(ontinuea) 
READ TRANSFER CYCLE 


trp 
or 
RAS Viq-- 
Vit— 
tcrp 
ee 
ae Vit— ¢ re f / 
eee 3 
| tasr 
4 Ff = 
_ KWY/) A) IW AAAAAAAAAAAAYYVY 
mote »| nBoness PROM SASHA DRM NXXXXNOXKXKAY 
WEE Vide: YXXK _—— = YYKX Y, YX XY KKK KK KKKKKKK XYXKXKKKY) 
vi- YWXWY OOO OX AOA 
ttro 
tTLs HP 
poe Vi— Vf A/V XX KAY KKK XY XY 
owe ROT RR 
Wi/DQi VOH= h feo 
Vo_— ' 
tscc — 
tsrs tsc tsc 
a tTsD tscp 
ny ie ae i= 
Vit— tsc ' 
tsps | tsDH tszs tsoH 
. VoH— YVVVYVWWYVYYWW{V®¥®VYVWVVV¥VWVYWYV(YVW{W®¥v=W”"s 
ster vox _Xx_ontan DROSS RRRAXKKAXXXKNC RD { otfiour 2 
a ae VALID DATA-OUT (Previous Row Data) (vauio vara-our} 
SE=Vic 


RO DON’T CARE 


*1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as Read Transfer Cycle (1). 
*2. When the previous data transfer cycle is a read transfer cycle, it is defined as Read Transfer Cycle (2). 
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KM424C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
REAL TIME READ TRANSFER CYCLE 


trp 
tras — 
RAS Viq— hats 
Vit— 
tcrp trop tRSH — 
-—tcas = 
cmH RY 
Vit— X) trRAD , 7 
— tRAL _ 
I 


tasR aoe cc “tean | ee ~ | 
noms MH RRR FOL RY SATAY WRRRIRERERARYR RUINED 
oe Vi-— PYYYN- ADDRESS _AX KX) ADDRESS _AYXXXXXXXXXKKAYY YY 


| twsrR | | 
— 


iS RATE Vin— (CYVYV 44 WY YY YWYYYVYY YA AAYYAAAYW{Y/ MAA Y YY AAV YY WYYIYYY~YY@PYPPYYWYYOYAYYWYIV/ 
MAE = OY SSS SS SES 


XX a a a a 


ie 


{TP 


DTIOE Vin— KY 


AXKAARAAARARAINARARAY 
RRR 


Wi/DQi 
sc 
tsoH | 
| 
S$DQ0-3 ( VALID VALID VALID “VALID 
Vol - DATA-OUT DATA-OUT A DATA-OUT _f\ DATA-OUT i. 
SE=Vi Previous Row Data New Row Data 


RY DON’T CARE 


& SAMSUNG a1 


Electronics 


KM424C256 CMOS VIDEO RAM 
CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
WRITE TRANSFER CYCLE 


t tRP 
RAS 
eee vin Va 
RAS viz 
tcrp as ‘rcp ——~—— tRSH 
as Vinp— KKAMMA es le tcas 
ors ig N' {_/ 
Vii- AVY tap f 
+— - tRAL fea 
t rae 
tasr | | tra tasc as 
ho mila 


Vip— AZAAA/Y VV RT LAADAA/S/YYVYY/VYVVY/S/VYVVMA) 
wore. RSI nooness PAN _nooRESS _ PERSIAN RNNORXXAAIX) 


Gee fer: Vip— S/S VAA/SA/S/VYV VY VV YY VY AAAALAS/Y VV VY VY YY AASV YVA/YVVY 
wae SD AX YK KX KKK RRR 
Sa aeee Vip— YIVV VVVVVV/V VWYIY AASV VV VV VA/SYVV VV YVV VV ¥ YV VV VY 
ee ai AX RY RNY RRR XEROX K KARL 

VoH— 
Wi/DQi ee OPEN 
tesp- 
: tscp coll 
© ue ne 
= Vin— KAKA VV VAY WW AAA 
2 QE 
— tsps tspH 
tsps 
Vin— AAWYY LYVVYAVVYYYA AAA AAA AA) AY AY YY YY \/ 
soos NX ont PRR RRL vita PRK 
i laa New Row Data 


| DON’T CARE 
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TIMING DIAGRAMS <ontinueq) 
PSEUDO WRITE TRANSFER CYCLE 


RAS 


CAS 


Ao-Ag 


WBIWE 


DT/OE 


Wi/DQi 


sc 


SDQ0-3 


ViH— MANA/MA} | AAA\LAAANV/VV VWVVVV /\) 
1 RON QA) 


Vin— AA/SYVVV ry WaVsVAVAVAVAalal, VAVsAVAVAVATAVAVAVAVAVAVAVA VV VV AA/VVVVVVV VV YWVAA/SV/VVVV 
1 RY, ARAN SAA AAA AVY KAA 
| 
| tTLs tTLH | 
ViH— VAVAVAVAVAN 4 GV AV OV AAVAVAVAVAVAVAVAVAVAVAVAVATAYAVAVATATAVAVAVAVAVAVATAVAVAVAVANAVAVAVAAVAVANAVAN, 
ARN LR RR KK RK CRY 
torr 
VoH— ; 
OPEN 
oy roa tcsp _— 


ia AAA AAA AAA YY 
Hi DOK RXXANOARNNNNRNONAN 
Vio — IY YVYYYY OIIYVYVYVYVY YY YYY Xe 
wot _oatacur XY Os Gace 


Serial 


Serial Output | | 
Input Mode 


Mode ! | 


RY DON’T CARE 
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KM424C256 CMOS VIDEO RAM 


TIMING DIAGRAMS 6(continueg) 
SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 


RAS 


FE RRR 


QDALAAAALA 


NEN 


tsca a tsca {SCA 
tsou | tsou 
| 
VoH— VALID v VA : = VALID VALID v 
\ pata.out A aT DA D 
n- n 


spQ03 OUT { TA.OUT JN DATA-OUT _M 
n-3 2 n~1 n+1 n+2 

SERIAL READ CYCLE (SE=V;) erence 

== Viq— 

RAS a 

—— ViH— VY YYY WKN K NIA 

FOE RRR KK KY 

sc 


Vv / VALID VALID 
$DQ0-3 \_ = DATA-OUT DATA-OUT 


RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
SERIAL WRITE CYCLE (SE=V;)) 


RAS Nils 

ayes as 7 VV VV VV 

ot ED LORRI 
}—__—-tscc tscc —{-—— tgcc | tscc——— 


tscp tscp |__| tscp tscp tscp 
vn Ee Coe 
sc _ n+2 
vie n-2N La 


tsDH | 


tspH 


tsps tsps 
Viq— OOF VALID NAA VALID NAXXMA VALID SAX VALID NAXXMA_sVALID NOX 
s0003 Vi RGN Satan PRES ob R RSG, OnTa PARTI, OF sn RR, OA AINE 
n-2 n-1 n n+1 n+2 


Na DON’T CARE 
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PACKAGE DIMENSIONS 
28 PIN PLASTIC SOJ Units: Inches 


0.720 (18.29) 0.008 (0.20) 
0.730 (18.54) 


0.012 (0.30) 


0.395 (10.03) 
0.405 (10.29) 


0.360 (9.14) 
0.380 (9.65) 
0.435 (11.05) 
0.445 (11.30) 


MAX 0.148 (3.76) 


MIN 0.025 (0.64 


a 0.050 (1.27) MAX 


| 
0.050 (1.27) 0.015 (0.38) 
TYP 0.021 (0.53) 


28-PIN PLASTIC ZIP 


0.113 (2.87) 


1.435 (36.45) MAX 
0.120 (3.05) 


0.400 (10.16) 


i 
sal 0.009 (0.23) 
jt} 0.013 (0.33) 


0.100 + 0.01 (2.54) 
TYP 


0.016 (0.41) 
0.024 (0.61) 


0.050 + 0.01 (1.27) 
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256K x 4 Bit CMOS VIDEO RAM 
FEATURES 


¢ Dual Port Architecture 
256K x 4 bits RAM port 
512 x 4 bits SAM port 
¢ Performance range: 


RAM access time (trac) 


RAM access time (tcac) 20ns | 20ns| 25ns 
RAM cycle time (tac) 125ns | 150ns | 180ns 
RAM page mode cycle (tec) | 45ns | 50ns| 60ns 
SAM access time 20ns | 20ns| 25ns 
SAM cycle time 25ns | 30ns| 30ns 
RAM active current 90mA |; 80mA | 70mMA 
SAM active current 

RAM & SAM standby 


e Fast Page Mode 

e RAM Read, Write, Read-Modify-Write 

¢ Serial Read and Serial Write 

e Read Transfer and Write Transfer 

¢ Real time read transfer capability 

* Write per Bit masking on RAM write cycles 

¢ CAS-before-RAS, RAS-only and Hidden Refresh 

¢ Common data I/O using three state RAM output control 
* All inputs and outputs TTL and CMOS compatible 
¢ Refresh: 512cycles/8ms 

¢ Single +5V+10% supply voltage 

¢ Plastic 28-pin 400 mil SOJ and ZIP 


FUNCTIONAL BLOCK DIAGRAM 


WRITE 
REGISTER 


REFRESH 
ADDRESS 
COUNTER 


ADDRESS BUFFERS 
COLUMN DECODERS 


BUFFER 
Ao 


MEMORY ARRAY 
256K x 4 CELLS 


ADDRESS BUFFER 


ROW DECODERS & 


Ag 


512x4 
SERIAL DATA REGISTERS 
SERIAL DATA SELECTOR 


SERIAL 
ADDRESS 
COUNTER 


GENERAL DESCRIPTION 

The Samsung KM424C256 is a CMOS 256K x 4 bit 
Dual Port DRAM. It consists of a 256K x 4 dynamic ran- 
dom access memory (RAM) port and 512 x 4 static serial 
access memory (SAM) port. The RAM and SAM ports 
operate asynchronously except during data transfer bet- 
ween the ports. 

The RAM array consists of 512 rows of 2048 bits. It 
operates like a conventional 256K x 4 CMOS DRAM. The 
RAM port has a write per bit mask capability. 

The SAM port consists of four512 bit high speed shift 
registers that are connected to the RAM array through 
a 2048 bit data transfer gate. The SAM port has serial 
read and write capabilities. 

Data may be internally transferred bi-directionally be- 
tween the RAM and SAM ports using read or write 
transfers. 

Refresh is accomplished by familiar DRAM refresh 
modes. The KM424C256 supports RAS-only, Hidden, and 
CAS-before-RAS refresh for the RAM port. The SAM port 
does not require refresh. 

All inputs and V/O’s are TTL and CMOS level compati- 
ble. All address lines and Data Inputs are latched on chip 
to simplify system design. The outputs are unlatched 
to allow greater system flexibility 


PIN CONFIGURATIONS (Top Views) 


sc Vss N.C 
SDQ0 $DQ3 w3/Da3 | 3 
spa SDQ2 sDQ2 
DTIOE SE Vss L2 

wo/DQo W3/DQ3 Bee 
w1/Dat w2/DQ2 DT/OE 
WBIWE N.C. w1/DQ1 
N.C. CAS N.C. 
RAS N.C. AB 
A8 AO AS 

Voc 

pe ‘ A3 

A4 A3 Al 

Voc AZT N.C. 

SOU 
Pin Name Pin Function 
_ SC | Serial Clock 
| SDQo-SDQ; | Serial Data Input/Output _| 
— Data Transfer/ 
DOE Output Enable _ 
WBIWE _| Write Per Bit/Write Enable 
RAS Row Address Strobe 
CAS Column Address Strobe 
| WolDQo— | Data Write Maski 
W,/DQ3 Input/Output | 
| SE _ | Serial Enable 
| Ao-As | Address Inputs 
| Vec Power (+ 5V) | 
| Vss | Ground 
| N.C. No Connection 
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KM424C256A CMOS VIDEO RAM 
ABSOLUTE MAXIMUM RATINGS* 
Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss Vin, Vout -—1to +70 Vv 
Voltage on Vcc Supply Relative to Vss Vec - 1 to +7.0 Vv - 
Storage Temperature Tstg - 55 to + 150 i Zone - 
Power Dissipation P, | WwW 

: Short Circuit Output Current _ los 50 | ‘mA = 


*Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta =0 to 70°C) 


Item 


Symbol 


Supply. Voltage 
Ground 


Input High Voltage 


pape ee eee 


Input Low Voltage 


Min 


DC AND OPERATING CHARACTERISTICS 


{Recommended operating conditions unless otherwise noted) 


Unit 


*NOTE: 


are obtained with the output open, Icc is specified as an average current. 


INPUT/OUTPUT CURRENTS (Recommended operating conditions unless otherwise noted.) 


KM424C256 

Parameter (Ram Port) Sam Port | Symbol aoa a Unit 

Operating Current* Standby Ice1 90 80 70 | mA 
(RAS and CAS Cycling @ tac = min) Active lcci 140 | 120 | 110 | mA 
Standby eras CAS, DT/OE | SE=Vun, SC= Vn Standby coe 5 5 5 | mA 
Current WE = Vins SE=Vi, SC=Cycling | Active loco 501 40| 40] ma 
RAS Only Refresh Current* Standby | Ics 90 go | 70 | _mA 
(CAS =Vin, RAS Cycling @ tac = min) Active lov | 140 | 120 [110 |_mA 
Fast Page Mode Current* Standby loca 70 60 | 50 | mA 

L 

(RAS=Vi, CAS Cycling @ tec=min) Active | lcwA | 120 | 100| 90 | mA 
CAS-Before-RAS Refresh Current* Standby | loos 90 | 80 | 70 | mA 
(RAS and CAS Cycling @ tac= min) Active loos 140 | 120 | 110 | ma 
| Data Transfer Current* Standby eer 120 110 100 | mA 
(RAS and CAS Cycling @ tac=min) Active loceA 170 150 140 | mA 


Icc1/A, Icca/A, Ioca/A, Iccs/A and Icce/A are dependent on output loading and cycle rates. Specified values 


Item Symbol Min Max Unit 
Input Leakage Current (Any input 0<Vin<6.5V, ik ~10 10 yA 
| all other pins not under test =0 volts.) | ee a 
Output Leakage Current (Data out is disabled, 10 10 
OV <VOUT <5.5V) ae ee ms i me 
Output High Voltage Level 4 _ Vv 
(RAM low = —5mA, SAM low = — 2mA) . | 7 ee aU = . 
Output Low Voltage level | Vor = 0.4 Vv 
(RAM lo, = 4.2mA, SAM Io, = 2mA) 
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a a a oe re a WEP RR Ree ieee 
CAPACITANCE (1, =25°c) 


Input Capacitance (Ao-As) 


Input Capacitance (RAS, CAS, WB/WE, 


DT/OE, SE, SC) 


Input/Output Capacitance (W0/DQ0-W3/DQ3) 


Input/Output Capacitance (SDQ0-SDQ3) 


AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%, 


See notes 1,2) 


KM424C256-6 | KM424C256-8 | KM424C 256-10 
Parameter Symbol 7 Unit | Notes 
Min | Max |Min| Max |Min| Max 
Random read or write cycle time 125 150 180 ns 
Read-modify-write cycle time 175 205 245 | ns 
Fast page mode cycle time 45 50 60 ns 
Fast page mode read-modify-write 100 105 125 ns 
Access time from RAS 60 80 100| ns | 3,4 
Access time from CAS 20 20 25; ns | 4 
Access time from column address 35 40 50} ns | 3,11 
Access time from CAS precharge 40 45 55} ns 3 
CAS to output in Low-Z | 5 | 5 5 ns 3 
Output buffer turn-off delay | oO 25/ 0 25| 0 30} ns 7 
Transition time (rise and fall) 50/ 3 50| 3 50 | ns 2 
RAS precharge time | 55 | ° 70 ns 
RAS pulse with ———~—~~~*+|S ts | 60| 10,000| @0| 10,000| 100| 10,000] ns 
RAS pulse width (fast page mode) trasp |-0| 100,000 60 | 100,000, 100 | 100,000 |_ ns 
RAS hold time trsH __| 25 ns 
CAS hold time tesH 80 100 ns 
CAS pulse width tcas 20 25 ns 
RAS to GAS delay time ios 40| 25|  60| 25| 75| ns | 56 
RAS to column address delay time | trap 25| 20 40| 20 50| ns a 
CAS to RAS precharge time tore 5 5 ns 
CAS precharge time | topn 10 15 ns 
| CAS precharge time (fast page mode) top 10 { 15 ns 
Row address set-up time tasr 0. 0 ns 
Row address hold time tran 15 15 ns 
Column address set-up time tasc 0 0 ns 
Column address hold time toay 15 20 ns 
Column address hold referenced to RAS tar 60 | 75 ns 
Column address to RAS lead time trat 40 | 50] ns 
Read command set-up time tacs 0 0 ns 
Read command hold referenced to CAS | tracy 0 0 ns 9 | 
Read command hold referenced to RAS | tary 0 0 ns 9 | 
Write command hold time twox 15 20 ns 
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STANDARD OPERATION (Continued) 


Parameter 


KM424C256-8 


K 


M424C 256-10 


Max 

| Write command hold referenced to RAS 60 75 ns 
| Write command pulse width 15 20 ns 

Write command to RAS lead time 20 25 ns a 
Write command to CAS tead time 20| 25 ns | 

Data set-up time 0 0 ns 10 
ro ; ee — 

Data hold time 15 20 ns 10 
Data hold referenced to RAS 60 75 ns 

Write command set-up time 0 0 ns 8 
CAS to WE delay 50 60 | ns | 8 
RAS to WE delay 110 | 135 ns | 8 | 
Column address to WE delay time 70 85 ns 8 
CAS setup time (C-B-R refresh) 10 10 ns 

CAS hold time (C-B-R refresh) 15 20 ns | 

RAS precharge to CAS hold time 10 | 10 ns 

RAS hold time referenced to OE 20 20 ns 

toes 20 25|ns| | 
[Output enable to data input delay | toro _| rs ae eee ee 
| Output buffer turnoff delay from OE | toez _| | o| = 20] of ns | 7 | 
| 2of | tt ns | 
tozc | of | of fs | 
tozo | of fT of ins | 
Refresh period (512 cycles) trer 8 8| ms 

WB set-up time twsr 0| 0 ns 

WB hold time | tewn 15 15 ns | 
Write per bit mask data set-up tus 0 0 ns | 
Write per bit mask data hold tux 15 15 ns 

DT high set-up time tus 0 0 ns 

DT high hold time troy 15 { 15 ns 

DT low set-up time | thus 0] ) ns 

DT low hold time | trun 15 | 15 ns | 
fale ra nse = sf fool | ms | 
eee tern 25 30 ns 

DT low hold ref to Col. Address t 30 aes 35 48 

(real time read transfer) au 
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STANDARD OPERATION (Continued) 


KM424C256-6 | KM424C256-8 | KM424C256-10 


Parameter Unit | Notes 
SE set-up referenced to RAS tesr ns 
SE hold time referenced to RAS trey ns 
DT to RAS precharge time trae ns 
DT precharge time trp ns 
RAS to first SC delay (read transfer) trsp ns 
CAS to first SC delay (read transfer) tesp ns 
Last SC to DT lead time trst ns 
DT to first SC delay (read transfer) ttsp ns 
Last SC to RAS set-up (serial input) tsrs ns 
RAS to first SC delay time (serial input) tsap ns 
RAS to serial input delay tsop |_ns 
Serial out buffer turn-off delay from t 50! ns 7 
RAS (pseudo write transfer) a 
Serial input to first SC delay tszs ns 
SC cycle time tscc ns 
SC pulse width (SC high time) tsc ns 
SC precharge (SC low time) tscp 10 | |e ns | 
Access time from SC tsca 25 | ns 
Serial output hold time from SC tsou 5 | ot ns | 
Serial input sett-up time tsos pf of of ins | 
Serial input hold time tspx | 20; | ns | 
Access time from SE tsea 25| ns 4 
| SE pulse width tse ns 
SE precharge time tsep ns 
Serial out buffer turn-off from SE tsez 20| ns 7 
Serial input to SE delay time tsze ns 
Serial write enable set-up time tsws 5 5 5 ns 
Serial write enable hold time tswu 15 15 15 ns 
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NOTES 


1. 


11, 


An initial pause of 200us is required after power-up followed by any 8 RAS, 8 SC cycles before proper device 
operation is achieved. If the internal refresh counter is used a minimum of 8 CAS-before-RAS initialization cycles 
are required instead of 8 RAS cycles. 


. Vin(min) and Vi.(max) are reference levels for measuring timing of input signals. Transition times are measured 


between Vi4(min) and Vii(max) and are assumed to be 5ns for all inputs. 


. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF. 
. SAM port outputs are measured with a load equivalent to 2 TTL loads and 50pF. Dour comparator level: 


Von/Vor = 2.0/0.8V. 


. Operation within the taco(max) limit insures the tracmax) can be met. trcp(max) is specified as a reference point 


only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 


. Assumes that trcp>trcp(max). 
. The parameters, torr(max), toez(max), tspz(max) and tsez(max), define the time at which the output achieves the 


open circuit condition and is not referenced to Voy or Vor. 


. twes, tawo, tewo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 


trical characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data out pin will remain 
high impedance for the duration of the cycle. If tewo>tewo(min) and tawo<trwo(min) and tawo>tawo(min), then 
the cycle is a read-write cycle and the data out will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 


. Either trcn Or tary must be satisfied for a read cycle. — 
. These parameters are referenced to the CAS leading edge in early write cycles and to the DT/OE leading edge 


in read-write cycles. 
Operation within the taan(max) limit insures that taco(max) can be met. trap(max) is specified as a reference point 
only. If trav is greater than the specified taan(max) limit, then access time is controlled by taa. 


DEVICE INFORMATION 


All operation modes of KM424C256 are determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 
The truth table of the operation modes is shown in table 1. 


Table 1. Operation truth table 


“CAS ADDRESS FUNCTION 
H * * Standby 
L : * CAS-before-RAS Refresh 
H row/column sf READ 
H row/column 7 WRITE 
H row . RAS-only Refresh 
H row/column r WRITE-per-Bit 
H row/tap i READ Transfer 
H row/tap L WRITE Transfer 
H row/tap H Pseudo-Write Transfer 
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Device Operation 


The KM424C256 contains 1,048,576 memory loca- 
tions. Eighteen address bits are required to address a 
particular 4-bit word in the memory array. Since the 
KM424C256 has only 9 address input pins, time 
multiplexed addressing is used to input 9 row and 9 col- 
umn addresses. The multiplexing is controlled by the tim- 
ing relationship between the row address strobe (RAS), 
the column address strobe (CAS) and the valid row and 
column address inputs. 


Operation of the KM424C256 begins by strobing in a 
valid row address with RAS while CAS remains high. 
Then the address on the 9 address input pins is chang- 
ed from a row address to acolumn address and is strob- 
ed in by CAS. This is the beginning of any KM424C 256 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The 
cycle is terminated when both RAS and CAS have 
returned to the high state. Another cycle can be initiated 
after RAS remains high long enough to satisfy the RAS 
precharge time (tar) requirement. 


RAS and CAS Timing 


The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, 
a new cycle must not begin until the minimum RAS 
precharge time, tre, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM424C256 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 


A read cycle is achieved by maintaining WB/WE high 
during a RAS/CAS cycle. The access time is normally 
specified with respect to the falling edge of RAS. But 
the access time also depends on the falling edge of CAS 
and on the valid column address transition. If CAS goes 
low before traco(max) and if the column address is valid 
before trap(max) then the access time to valid data is 
specified by taac(min). However, if CAS goes low after 
taco(max) or if the column address becomes valid after 
tran(max), access is specified by tcac Or taa. 


The KM424C256 has common data I/O pins. The DT/OE 
has been provided so the output buffer can be precise- 
ly controlled. For data to appear at the outputs, DT/OE 
must be low for the period of time defined by toga. 


Write 


The KM424C256 can perform early write, and read- 
modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between WB/WE, DT/OE and CAS. 
In any type of write cycle, Data-in must be valid at or 


before the falling edge of WB/WE whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing WBIWE low before CAS. The 4-bit wide data at the 
data input pins is written into the addressed memory 
cells. Throughout the early write cycle the outputs re- 
main in the Hi-Z state. In the early write cycle DT/OE 
must meet DT/OE high set-up and hold time as RAS falls 
but otherwise does not affect any circuit operation dur- 
ing the CAS active period. 


Read-Modify-Write: In this cycle, valid data from the ad- 
dressed cells appears at the outputs before and during 
the time that data is being written into the same cell 
locations. In this cycle read operation is achieved by 
bringing DT/OE low with RAS and CAS low. The access 
time to valid data is specified by toes. After DT/OE goes 
high, the data to be written is stored by WB/WE with 
set-up and hold times referenced to this signal. 


Late write: This cycle shows the timing flexibility of 
(DT/OE) which can be activated just after (WB/WE) falls, 
even (WB/WE) is brought low after CAS. 


Fast Page Mode 


Fast page mode provides high speed read, write or read- 
modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row address, 
CAS is cycled to strobe in additional column addresses. 
This eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


Write-Per-Bit 


The write-per-bit function selectively controls the inter- 
nal write-enable circuits of the RAM port. When WB/WE 
is held ‘low’ at the falling edge of RAS, during arandom 
access operation, the write-mask is enabled. At the 
same time, the mask data on the Wi/DQi pins is latched 
onto the write-mask register (WM1). When a ‘0’ is sens- 
ed on any of the Wi/DQi pins, their corresponding write 
circuits are disabled and new data will not be written. 


When a ‘1’ is sensed on any of the Wi/DQi pins, their 
corresponding write circuits will remain enabled so that 
new data is written. The write mask data is valid for only 
one cycleThe truth table of the write-per-bit function is 
shown in table 2. 
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Table 2. Truth Table for Write-per-Bit Function 


Data Output 

The KM424C256 has a three state output buffers which 
are controlled by CAS and DT/OE. When either CAS or 
DT/OE is high (Vi) the output is in the high impedance 
(Hi-Z) state. In any. cycle in which valid data appears at 
the output the output goes into the low impedance state 
in a time specified by tc.z after the falling edge of CAS. 
invalid data may be presented at the output during the 
time after tciz and before the valid data appears at the 
output. The timing parameters tcac, trac and tas specify 
when the valid data will be present at the output. The 
valid data remains at the output until CAS returns high. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM424C256 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 

Refresh 

The data in the KM424C256 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integri- 
ty it 's necessary to refresh each of the 512 rows every 
8 ms. Any operation cycle performed in the RAM port 
refreshes the 2048 bits selected by the row addresses 
or an on-chip refresh address counter. Either a burst 
refresh or distributed refresh may be used. There are 
several ways to accomplish this. 

RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing ina 
row address with RAS while CAS remains high. This cy- 
cle must be repeated for each of the 512 row addresses, 
(Ao-As). 

CAS-before-RAS Refresh: The KM424C256 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An inter- 


Table 3. Truth Table for Transfer Operation 


3 


Read transfer cycle 
Write transfer cycle 
Pseudo write transfer cycle 


WRITE ENABLE 
WRITE ENABLE 
WRITE MASK 


nal refresh operation automatically occurs. The refresh 
address is supplied by the on-chip refresh address 
counter which is then internally incremented in prepara- 
tion for the next CAS-before-RAS refresh cycle. 
Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM424C256 hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh 
the KM424C256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Transfer Operation 

The KM424C256 features bi-directional transfer capabili- 
ty from RAM to SAM and from SAM to RAM. A transfer 
consists of loading 512 words by 4-bits of data from one 
port into the other. During a data transfer cycle, RAM 
port and SAM port can’t operate independently. Data 
transfer cycle includes are following operations. 

i) Data is transferred between RAM memory cell on 
the specified row address and SAM data register 
(except pseudo write transfer). 

ii) Direction of data transfer is defined. 
iii) Serial read or serial write is selected. 
iv) SAM start address (the address to be accessed 
first after the termination of transfer cycle in the 
SAM data register) is specified. 
There are three types of transfer operations: read 
transfer, write transfer and pseudo-write transfer. As 
shown in table 3, the type of transfer operation is deter- 
mined by CAS, DTIOE, WBME and SE at the falling edge 
of RAS. 


RAM~SAM 
SAM RAM 
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Read-Transfer Cycle 

A read-transfer consists of loading a selected row of 
data from the RAM array into the SAM register. A read- 
transfer is accomplished by holding CAS high, DT/OE 
low and WB/WE high at the falling edge of RAS. The 
row address selected at the falling edge of RAS deter- 
mines the RAM row to be transferred into the SAM. 


The actual data transfer is completed at the rising edge 
of DT/OE. When the transfer is completed, the SDQ lines 


are set into the output mode. In a read/real-time read- 
transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DTIOE and becomes valid 
on the SDQ lines after the specified access time tsca 
from the rising edge of the subsequent serial clock(SC) 
cycle. The start-address of the serial pointer of the SAM 
is determined by the column address selected at the 
falling edge of CAS. 


Figure 2: BLOCK diagram of RAM and SAM PORT during read transfer 
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Write Transfer Cycle 

A write transfer cycle consists of loading the content 
of the SAM data register into a selected row of RAM 
array. A write transfer is accomplished by CAS high, 
DT/OE low, WB/WE low and SE low at the falling edge 
of RAS. The row address selected at the falling edge 
of RAS determines the RAM row address into which the 
data will be transfered. The column address selected 
at the falling edge of CAS determines the start address 
of the serial pointer of the SAM. After the write transfer 
is completed, the SDQ lines are in the input mode so 
that serial data synchronized with SC can be loaded. 
When two consecutive write transfer operations are per- 
formed, there is a delay in availability between the last 
bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant 
Vii or Vin after the SC precharge time tscp has been 
satisfied. A rising edge of the SC clock must not occur 
until after a specified delay tasp from the falling edge 
of RAS. 

Pseudo Write Transfer Cycle 

The pseudo write transfer cycle switches SDQ lines 
from serial read mode to serial write mode. It doesn't 
perform data transfer. A pseudo write transfer is ac- 


SELECT ROW 


complished by holding CAS high, DT/OE low, WB/WE 
low and SE high at the falling edge of RAS. The pseudo 
write transfer cycle must be performed after a read 
transfer cycle if the subsequent operation is a write 
transfer cycle. There is a timing delay associated with 
the switching of the SDQ lines from serial output mode 
to serial input mode. During this period, the SC clock 
must be held at a constant Vi or Vin after the tsc 
precharge time has been satisfied. A rising edge of the 
SC clock must not occur until after the specified delay 
tasp from the falling edge of RAS. 


SAM Port Operation 

The KM424C256 is provided with a 512 word by 4 bit 
serial access memory (SAM). High speed read and write 
operation may be performed through the SAM port in- 
dependent of the RAM port operations, except during 
transfer operation. The preceding transfer operation 
determines the direction of data flow through the SAM 
registers. Data may be read out of the SAM port after 
a read transfer cycle (RAM--SAM) has been perform- 
ed. Data can be shifted out of the SAM port starting at 
any of the 512 bit locations. This tap location cor- 
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responds to the column address selected at the falling 
edge of CAS during the read transfer cycle. The SAM 
register is configured as a circular data register. The data 


is shifted out sequentially starting from the selected tap 
location to the most significant bit and then wraps 
around to the least significant bit. 


| | | | | | | | Tap location started by column 
address of read-transfer cycle. 


Subsequent real time read transfer may be performed 
on the fly as many times as desired within the refresh 
constraint of the RAM memory array. A pseudo write 
transfer cycle must be performed in order to write data 
into the SAM port. This cycle switches the SAM port 
operation from output mode to input mode. Data is not 


Table 4. Truth Table for SAM Operation 


Preceding 
Transfer 
Cycle 


SAM port 


operation edge of RAS) 


serial 
output 
mode 


read- 
transfer 


write- 
transfer 


*When simultaneous operation is being performed oa 
the RAM port and the SAM port, DT/OE must be held 
high at the falling edge of RAS so as to prevent a false 
transfer cycle. 


Serial Clock (SC) 

All operations of the SAM port are synchronized with 
the serial clock SC. Data is shifted in or out of the SAM 
registers at the rising edge of SC. In a serial read, the 
output data becomes valid on the SDQ pins after the 
maximum specified serial access time tsca from the 
rising edge of SC. The serial clock SC also increments 
the 9 bit serial pointer which is used to select the SAM 
address. The pointer address is incremented in a wrap 
around mode to select sequential locations after the 
starting location which is determined by the column ad- 
dress in the read transfer cycle. When the pointer 
reaches the most significant address location (decimal 
511), the next SC clock will be placed at the least signifi- 
cant address location (decimal 0). 


Serial Enable (SE) 


The SE input is used to enable serial access operation. 
In aserial read cycle, SE is used as an output control. 
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transferred during a pseudo write transfer cycle. A write 
transfer cycle (GAM RAM) may then be performed. The 
data in the SAM register is loaded into the RAM row 
selected by the row address at the falling edge of RAS. 
The start address of SAM registers is determined by the 
column address selected at the falling edge of CAS. 


Function 


serial read enable 


serial read disable 


serial write enable 


When SE is high, serial access is disabled, however, 
the serial address pointer location is still incremented 
when SC is clocked even when SE is high. 

Serial Input/Output (SDQ0-SDQ3) 

Serial input and serial output share common I/O pins. 
Serial input or output mode is determined by the most 
recent transfer cycle. When a read transfer cycle is per- 
formed, the SAM port is in the output mode. When a 
pseudo write is performed, the SAM port operation is 
switched from output mode to input mode. During 
subsequent write transfer cycle, the SAM port remains 
in the input mode. 


Power-up 

if RAS =V, during power-up, the KM424C256 could 
possibly begin an active cycle. This condition results 
in higher than necessary current demands from the 
power supply during power-up. It is recommended that 
RAS and CAS track with Voc during power-up or be 
held at a valid Viy in order to minimize the power-up 
current. 


An initial pause of 200 usec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS continued) 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 
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TIMING DIAGRAMS < continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH CYCLE 
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TIMING DIAGRAMS (continued) 
READ TRANSFER CYCLE 


trp 


RAS 


Vit— 
, tRSH 
a ROD Ne 
CAS 
Vit— XX X) NS 
aa best 
1 tasr Fi tcaH tosh 


Vin— YYW ROW \/ 
aa vi- QOQOOQA. aDpRess AX 


pre aa IH - VVA/V/\V/\/ AV VAVAVAVAVAVAVAVAVAVAVAVA Vs VAVAVAVAVAVAVAVAVAVAVAVAVA Ava avavalaaavaaalaaaaaval, 
ware I ARMY OR ORK RIKKI ne 
—--—— tTRP- ~~ 

tTLs tTLH HP 
etn IH#— Vi A/V/ LIV VAY VV VA/VV/ 
Be WROOOL a RS IKXKX KK 

tcsp 
torr 
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SEM RY DON'T CARE 


*41. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as Read Transfer Cycle (1). 
*2. When the previous data transfer cycle is a read transfer cycle, it is defined as Read Transfer Cycle (2). 
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TIMING DIAGRAMS (continued) 
REAL TIME READ TRANSFER CYCLE 


RAS Vin—- 
Vit— 
CAS Vin— 
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a tRAH ale 


LLY VP\AJV VYAMMNAAAA/Y 
Ones: 


OX 
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—~ Vin— TVVVS YY WY YY PAA AAA AAV IAACOAAAAAAAY OA 
NEE ie OY RRR RRR NK RNR 
tcTH ttre — 
tTLs Seer taTH ome Gp 
—_ 
——— Vipn— AK LA AAA/////Y/YVVYAAA/Y 
Priv OO NKXKRKXKKRRY 
torr 
as Ly 
Wi/DQi OH— i 
Vot— 
— tscc-——-744 
tsc 
tscp 
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Previous Row Data 


SDQ0-3 VoH—- 
Vv 


SE=V 


New Row Data 


RY DON'T CARE 
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TIMING DIAGRAMS continued) 
WRITE TRANSFER CYCLE 


tRP 
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TIMING DIAGRAMS (Continued) 
PSEUDO WRITE TRANSFER CYCLE 
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TIMING DIAGRAMS (Continued) 
SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 


RAS 


sine OO OY OOOO NON 


DQ 


DOAADAABAALAAAADAADLRADAALA DADAALSDA 


sc 


Vou— VALID v VALID E J = VALID VALID v 
Se ees A pataout A DATA.OUT ‘ DATA-OUT JN _DATA.OUT JM 
n-2 


Loe n-1 n n+1 n+2 
SERIAL READ CYCLE (SE=V,,) VALID DATA OUT 
pan ViH— | 
RAS 
Vit— 


n-3 n-2 


—— ViH— VAI ATV V VV VV VV VV VY Vd 
TOE KR RK KKK RR RY 
ViH— 
Vit— n-1 
tsca 
soans yg ontaour A ontmour XY _oaraour 
n-1 n n+1 


PRR con care 


& SAMSUNG 66 


Electronics a 


KM424C256A CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
SERIAL WRITE CYCLE (SE = Vi) 


RAS 
a WAY, wa ARAN AR AR AAA RANT 
ae MRK RR KK uy VOR 
Me 

| 
SpOty 1 ON DATALIN \ ( DATALIN on) , ‘ DATAIN DATAIND x 
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SERIAL WRITE CYCLE (SE Controlled Inputs) 
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ve RY CORN 


sc 
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PACKAGE DIMENSIONS 
28 PIN PLASTIC SOJ Units: Inches 


0.720 (18.29) 0.008 (0.20) 
0.730 (18.54) 


0.012 (0.30) 


0.395 (10.03) 
0.405 (10.29) 


0.360 (9.14) 
0.380 (9.65) 
0.435 (11.05) 
0.445 (11.30) 


MAX 0.148 (3.76) 


MIN 0.025 (0.64 


0.050 (1.27) 
TYP 


0.050 (1.27) MAX 


| oo (0.38) 
0.021 (0.53) 


28-PIN PLASTIC ZIP 


r 1.435 (36.45) MAX 


0.113 (2.87) 
0.120 (3.05) 


0.400 (10.16) 
MAX 


i 
| 0.009 (0.23) 
' 0,013 (0.33) 


a 


0.100 + 0.01 (2.54) 
TYP 


0.016 (0.41) 
0.024 (0.61) 


0.050 + 0.01 (1.27) 
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256KX4 Bit CMOS Video RAM 
FEATURES 


¢ Dual port Architecture 
256K x 4 bits RAM port 
512 x 4 bits SAM port 
e Performance 


Speed 
Parameter 


RAM access time (trac) 60ns ; 80ns | 100ns 
20ns 
| 125ns 
45ns 
20ns | 20ns 
2ns | 25ns 
90mA | 80mA 
50mA | 40mA 


RAM access time (tcac) 


RAM cycle time (trc) 


RAM page mode cycle (tpc) 


SAM access time (tsca) 


SAM cycle time (tscc) 


RAM active current 


SAM active current 


Fast Page Mode 

RAM Read, Write, Read-Modify-Write 

Serial Read and Serial Write 

Read, Real Time Read and Split Read Transfer 

(RAM>SAM) 

¢ Write, Split Write Transfer with Masking 
operation (New Mask) 

¢ Block Write, Flash Write and Write per bit with 
Masking operation (New Mask) 

¢ CAS-before-RAS, RAS-only and Hidden Refresh 

« Common Data I/O Using three state RAM Output 
Control 

e All Inputs and Outputs TTL and CMOS 
Compatible 

e Refresh: 512 Cycle/8ms 

e Single +5V+10% Supply Voltage 

® Plastic 28-PIN 400 mil SOJ and ZIP 

44(40)-PIN 400 mil TSOP II 


GENERAL DESCRIPTION 


The Samsung KM424C257 is a CMOS 256K x4 bit Dual 
Port DRAM. It consists of a 256K X4 dynamic random 
access memory (RAM) port and 5124 static serial ac- 
cess memory (SAM) port. The RAM and SAM ports 
operate asynchronously except during data transfer bet- 
ween the ports. 


The RAM array consists of 512 bit rows of 2048 bits. 
It operates like a conventional 256K X4 CMOS DRAM. 
The RAM port has a write per bit mask capability. 


The SAM port consists of four 512 bit high speed shift 
registers that are connected to the RAM array through 
a 2048 bit data transfer gate. The SAM port has serial 
read and write capabilities. 


Data may be internally transferred bi-directionally between 
the RAM and SAM ports using read or write transfers. 


Refresh is accomplished by familiar DRAM refresh 
modes. The KM424C257 supports RAS-only, Hidden, 
and CAS-before-RAS refresh for the RAM port. The SAM 
port does not require refresh. 


All Inputs and 1/O’s are TTL and CMOS level comparti- 
ble. All address lines and Data Inputs are latched on chip 
to simplify system design. The outputs are unlatched to 
allow greater system flexibility. 


Pin Name Pin Function 
Sc Serial Clock 
SDQo0-SDQ3 Serial Data Input/Output 
DT/OE Data Transfer/Output Enable 

| WB/WE Write Per Bit/Write Enable 

RAS Row Address Strobe 
CAS Column Address Strobe 
Wo/DQo-Ws/DQ3 | Data Write Mask/input/Output | 
SE Serial Enable 
Ao-As Address Inputs 
Voc Power (+5V) 
Vss Ground 
N.C. _| No Connection 
DSF Special Function Control 
QSF Special Flag Output 
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PIN CONFIGURATION (top views) 


28 Pin 400 mil SOJ 28 Pin 400 mil ZIP 


28 Pin 400 mil TSOP Il 
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FUNCTIONAL BLOCK DIAGRAM 


CONTROL 


REFRESH 
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& 
COUNTER 
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REGISTER 
SERIAL DATA SELECTOR REGISTER 
0 
Ao re 
ls MEMORY ARRAY 
oc = 128KX4 CELLS 
ww ‘e) 
i « Wo/DQo 
2D 
a 
2 RAM 
iva COL. DEC. & 1/O V0 
a BUFFERS 
a? . 
As 9° W,/DQ3 
a MEMORY ARRAY 
z 128KX4 CELLS 
iva 
SDQo 
SERIAL DATA SELECTOR 
SERIAL 
SPLIT DATA SPLIT DATA VO 
REGISTER (LOWER) REGISTER (UPPER) BUFFERS 
O se eeeeves 255 256+++eeeee 511 ‘ 
SDQ3 
SERIAL ADDRESS 
F 
COUNTER oe 
Vec 
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P+) 
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ABSOLUTE MAXIMUM RATINGS* 


Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Veoc -1 to +7.0 V 
Storage Temperature Tstg —55 to +150 °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground Vss 0 0 V 
| Input High Voltage VIH 2.4 — | 6.5 V 
Input Low Voltage Vv 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


KM424C257 

Parameter (Ram Port) Unit 

Operating Current* Standby lect 90 80 70 | mA 
(RAS and CAS Cycling @trac= min.) Active loo1A 140 120 110 | mA 
Standby | RAS, CAS, DTIOE | SE=Vin SC= Vi Standby lece 5 5 5 | mA 
Current | DSF, WBWWE=Vin | SE=Vi. SC=Cycling | Active lea 50 40 40 | mA 
RAS Only Refresh Current* Standby loca 90 80 70 | mA 
(CAS =Vin, RAS Cycling @trc = min.) Active lcosA 140 120 110 | mA 
Fast Page Mode Current* Standby loca 70 60 50 | mA 
(RAS =ViL, CAS Cycling @tec = min.) Active loca 120 100 90 | mA 
CAS-Before-RAS Refresh Current* Standby Ices 90 80 70 | mA 
(RAS and CAS Cycling @trac= min.) Active locsA 140 120 110 | mA 
Data Transfer Current* Standby loos 120 110 100 | mA 
(RAS and CAS Cycling @tac=min.) Active lcooA | 170 | 150 | 140 | mA 
Flash Write Cycle Standby loo7 90 80 70 | mA 
(RAS and CAS Cycling @tac=min.) Active lccoA | 140 | 120) 110 | mA 
Block Write Cycle Standby rer) 100 90 80 | mA 
(RAS and CAS Cycling @trc= min.) Active lcoeA | 150 | 130 | 120 | mA 
Color Register Load or Read Cycle Standby loce 90 80 70 | mA 
(RAS and CAS Cycling @trc= min.) Active locoA | 140 | 120] 110 | ma 


“NOTE: Real values are dependent on output loading and cycle rates. Specified values are obtained with the output 
open, Icc is specified as average current. 
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INPUT/OUTPUT CURRENT (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any Input O<Vin<6.5V, 
all other pins not under test=O volts.) 


Output Leakage Current (Data out is disabled, 


(RAM loL=4.2mA, SAM Io_=2mA) 


CAPACITANCE (ta=25°C) 


OV<VouT<5.5V) a ica eo 
Output High Voltage Level 24 _ V 
(RAM lon=—5mA, SAM lon=—2mA) ; 

Output Low Voltage Level = 0.4 Vv 


———. _. —<—$—$———— ee ee = Le i 
Item Symbol Min Max Unit 
| Input Capacitance (Ao-Ag) Cini _ | 6 pF 
Input Capacitance (RAS, CAS, WB/WE, Cis = 7 oF 
| DT/OE, SE, SC, DSF) | 
Input/Output Capacitance (Wo/DQo-W3/DQ3) Cpa — 7 pF 
Input/Output Capacitance (SDQo-SDQ3) Cspa —_ 7 pF 
| Output Capacitance (QSF) Casr — 7 pF | 
AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 
Parameter Max [Min | Max [Min] Max | Unit | Notes 
Random read or write cycle time 150 180 ns 
Read-modify-write cycle time 205 245 ia ns 
Fast page mode cycle time 50 60 ns 
Fast page mode read-modify-write 105 125 = ns 
Access time from RAS 60 80 100/ ns | 3,4 
Access time from CAS 20 | 20 25] ns 4 
Access time from column address 35 40 50; ns | 3,11 
Access time from CAS precharge 40 45 55] ns 3 
CAS to output in Low-Z 5 5 ns 3 
Output buffer turn-off delay 25 0 25 0 30] ns 7 
Transition time (rise and fall) 50 3 50 3 50] ns 
RAS precharge time 60 | 70 ns 
RAS pulse width 10,000 | 80} 10,000 | 100} 10,000| ns 
RAS pulse width (fast page mode) 100,000 | 80} 100,000 | 100 | 100,000 | ns 
RAS hold time 20 25 ns 
CAS hold time 80 100 ns 
CAS pulse width 20 25 ns 
RAS to CAS delay time 40; 25 60| 25 75| ns | 5,6 
RAS to column address delay time 25; 20 40; 20 50} ns 11 
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AC CHARACTERISTICS (Continued) 


Parameter tt 


CAS to RAS precharge time torp 
CAS precharge time tpn 
CAS precharge time (fast page mode) 
|Row address set-up time =| ths 


Row address hold time tray 
Column address set-up time tasc 
Column address hold time toa 
Column address hold referenced to RAS tar 

Column address to RAS lead time trac 
Read command set-up time tres 


Read command hold referenced to CAS tron 

Read command hold referenced to RAS trrH 

Write command hold time two 
t 


Write command hold referenced to RAS | twca 
Write command pulse width we 
Write command to RAS lead time trwe 
Write command to CAS lead time tow. 
Data set-up time tos 
Data hold time ton 
Data hold referenced to RAS tour 
Write command set-up time twcs 
CAS to WE delay town 
RAS to WE delay tawo 
| Column address to WE delay time tawo 
CAS setup time (C-B-R refresh) tsp 
CAS hold time (C-B-R refresh) tour 
RAS precharge to CAS hold time trec 
RAS hold time referenced to OE tron 
Access time from output enable toca 
Output enable to data input delay toep 
foutnt buffer turnoff delay from OE toez 
Output enable command hold time toen 
Data to CAS delay 
Data to output enable delay | tozo _| 


Refresh period (512 cycles) 
WB set-up time 
WB hold time 
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AC CHARACTERISTICS (Continued) 


KM424C257-6 | KM424C257-8 | KM424C257-10 
Parameter Symbol Unit | Notes 
Min| Max | Min; Max |Min| Max 

DSF set-up time referenced to RAS (I) ter | of | of [0 ns 

DSF hold time referenced to RAS (I) tue | 45| [| 60] | 75| | ns 

DSF hold time referenced to RAS (I!) | | 45 15 ns 

DSF set-up time referenced to CAS tesc 0 0 ns 

DSF hold time referenced to CAS tory 15 20 ns 

Write per bit mask data set-up tus 0 0 ns 

Write per bit mask data hold tux { 15 15 ns 

DT high set-up time tris 0 0 | ns 

DT high hold time | troy 15 15 ns | 

DT low set-up time tris 0 0 ns 

DT low hold time trun 15 15 ns 

ae = «| fel [ml 

DT low hold ref to CAS i i [eal | 

(real time read transfer) tom 25 30 ne 
Hee aa [wf | sf [ns 
SE set-up referenced to RAS tesr [ 0 fi ns 

SE hold time referenced to RAS tren 15 15 ns 

DT to RAS precharge time trap 60 70 ns | 

DT precharge time trp 25 30 ns 

RAS to first SC delay (read transfer) trasp 80 | 100 ns 

CAS to first SC delay (read transfer) tesp | 40 | 50 [ | ns 

Col. Addr. to first SC delay (read transfer) | tasp 45 55 ns 

Last SC to DT lead time trsi 5 5 ns 
| DT to first SC delay (read transfer) trsp 15 15 ns 

Last SC to RAS set-up (serial input) tsrs 30 | 30 ns | 

RAS to first SC delay time (serial input) tsrp 25 | | 25] ns | 

RAS to serial input delay tspp = | 50 ns 
srcanerate [we [| | of ol [om | 7 
Serial input to first SC delay tszs 0 0 ns 

SC cycle time ee eee 
[eet se. WO 2 nee 
ree eS: eae | ee 


Access time from SC 20 ns 4 
Serial output hold time from SC 5 5 5 ns | 

Serial input sett-up time 0 0 | 0 ns 

Serial input hotd time 15 15 20 ns 
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AC CHARACTERISTICS (continued) 


Access time from SE 


KM424C257-8 | KM424C257-10 
Min Max 


SE pulse width tse 
SE precharge time tsep 
tsez 


Serial write enable hold time 


Serial out buffer turn-off from SE 


Serial write disable set-up time 
Serial write disable hold time 


Serial input to SE delay time 
tswik 
Split transfer set-up time tsts 


Serial write enable set-up time 
Split transfer hold time 


SC-QSF delay time tsan 
DT-QSF delay time trap 


CAS-QSF delay time tcap 
RAS-QSF delay time trap 


NOTES 


1. An initial pause of 200us is required after power- 
up followed by any 8 RAS, 8 SC cycles before proper 
device operation is achieved. If the internal refresh 
counter is used a minimum of 8 CAS-before-RAS 
initialization cycles are required instead of 8 RAS 
cycles. 

2. Vitimin) and Vitimax) are reference levels for measur- 
ing timing of input signals. Transition times are 
measured between Vin(min) and Vit(max), and are 
assumed to be 5ns for all inputs. 

3. RAM port outputs are measured with a load 
equivalent to 2 TTL loads and 100pF. 

4. SAM port outputs are measured with a load 
equivalent to 2 TTL loads: and 50pF. Dout com- 
parator level: Voo/VoL=2.0/0.8V. 

5. Operation within the trcp(max) limit insures that 
trac(max) can be met. tacp(max) is specified as a 
reference point only: If tracy is greater than the 
specified tacp(max) limit, then access time is con- 
trolled exclusively by tcac. 

. Assumes that tacp2trcp(max)- 

. The parameters, torF(max), toez(max), tspZ(max) and 
tsEz(max), define the time at which the output 


“NO 


10. 


11. 


achieves the open circuit condition and is not 
referenced to Von or VoL. 


. twos, trwo, tcwo and tawp are non restrictive 


operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs2twcsimin) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tewpo2tcwoimin) and 
trwo2trwo(min) and tawo2tawpiminy, then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

Either tacu or trRH must be satisfied for a read 
cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the WE 
leading edge in read-write cycles. 

Operation within the trapimax) limit insures that 
trcp(max) Can be met. trapimax) is specified as a 
reference point only. If trap is greater than the 
specified trapimax) limit, then access time is con- 
trolled by taa. 
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TIMING DIAGRAMS 
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WRITE CYCLE (OE CONTROLLED WRITE) 


PRELIMINARY 


CMOS VIDEO RAM 
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DI/OE Vin — OY 


Vi L\ Y 


| 
) 


iV/\ 


teHR 
tesc 


AN 


‘oa 


tesr treH 


sr 


tus tos tou 


tcpn 


OY) 


ENON NNNINT 
OL 


EF X YVYVY YY YY VVYVYVYV YY ¥ YY ¥Y ¥ 
on RR NE 


topn 


i, 


_ IN Vin — VY XX 
wo —v, — AXA 
~W,/DQ3 & oe 
TP Pe ae wae ee ee 
Vo. — 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
tawe 
tras 
— Vin — tar 7 
RAS 
Ve torp 
al tesH 
taco tay 
CAS ie 7 trap \ \ i 
a tasr tran p 
at | yp 
Ay XXX) ROW COON COLUMN 
~ _ XXXAL aporess AXXX) ADDRESS 


ROY 


twsr 


Vm — XXX) , 
ae) oe 


tcwo 


WEIWE Xi 
YY 
trys . 
ator *" KYW KX \\ 
Vn — KXY NX cpa OQ 
Peet 
Vin — TUS [esr ro torn WATT VV 
— en 
oy — YX OO 
t t t los 
Vin XX sa L_ he a ea toca | too 
aes. rs Vi — WY {wan vata) KY / tcac 
0/VQo taal 
~W;/DQ3 trac 
Lpur Yee OPEN 


OX VALID 
Mon WA DATA-OUT 
toiz “W 


Os 


ONY 


be tewt 


COR 


OO 


tou 


c 


Kad Don't Care 


gu 
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TIMING DIAGRAMS (Continued) 
PAGE MODE READ CYCLE 


—— Vin 
RAS 
Vii 
tec ——| | — try, easy 
top tcp-—4 
tcas ~— tcas 
—— Vin 
CAS J, 
Vi 
a BE 
tasc 
toaH e— toa 


X) 


a AH a 
cs Y, VY 
me iL aor DX) rae = aM sooness KY) 
or trcs tacH 
Le 
= fe ay 


ame cal imi 


| trus ey : 
me TY ill tb : ill | BY YYS 
oe ial il eal ip Bay 


tcpa 


= . 
Vin XX VV K ane 


co Ea als ue teers 


—— taa = tan 


| Vou — VALID VALID VALID ‘ 
OUT OPEN (| DATA-OUT |) (| paTa-ouT { DATA-OUT 


Vor — 
trac 


KXY Don't Care 
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TIMING DIAGRAMS (Continued) 
PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp 


RAS 


topn 
top t=-— tas 


tcas p— cas j, 
4 


tasc 
|_| 
Wada, WAV AVATAN' 
a Ea a 


CAS 


Ao-As 


ll 

— — Vin \ YWYVYYVY 

— At A 
Vu — & aN VYYVY v v Y 

ice || NOON UO 


ten 


tesr trrH —tesc tcFH 


= "NTA lena” RRR 
: = 4 ae we ple om . mle 


= V\) YVYVUVVV VV ¥ 
. ve —¥A ROY hy Ne Oy micphaal RNY 
oe 7 
OUT - 7 $$ $$$ _ Pen ——__——+4 
We ta Se ees ee 
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TIMING DIAGRAMS (Continued) 
PAGE MODE READ-MODIFY-WRITY CYCLE 


trasp 


: 
Li _ 


Vin _— tesu 


Vu d tcas 
CAS i ; 


RAS 


tasr tcan 


rain aareroarraaerern 


tote MRS Soa KON eae UT Se 
| 
WB/WE “ es ~Yora} f ie y @ 


- ! al | | 
Vir Fil 
Vin Y, VV v 
~ rn : cath CO 
1 k si ie ale 
ey . ~ Yun} sale A 7 Ba vl =i | OY 
WalDGs ne ”, se Pt fez ns 
~W3/DQ3 a taa 
L our oy o a ee sin 


trac VALID DATA-OUT VALID DATA-OUT 


VALID DATA-OUT 
Ko Don't Care 
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TIMING DIAGRAMS (continued) 
RAS ONLY REFRESH CYCLE 


pen Vie 
RAS Vv = 

iL 
panes Vin 
CAS 

Ve 

Vin 
Ao-As Wa woe 

1 
ate V 
WB/WE 
DT/OE , 

i} 

Vin 
DSF 

Vi 
Wo/DQp Vow — 
~WW3/DQ3 Vor = 


a 


Ve VY 


traH 
LOO ION a 


OSI 
VY VY BI Aa ee ae 
XOY OAK KXAN 


tesr tren 


RLS 


CAS BEFORE RAS REFRESH 


a Vv, _ 
RAS = 

Vi 
a View — 
CAS i 

Vi — 
Sosy Vin 
WB/WE 

Vi 
ere Vv, = 
DT/OE " 

Vi 

Vv, —_ 
DSF ns 

Vi — 
Wo/DQo Von — 
~W7/DQ7 Vor _—_ 


tap tac 


tras 


tapc 
tcpn tesr 


tour ces : 


VY ¥ Y¥YYVV ¥ WY YWY¥VWY/YY4$JYWY{VJ¥°®Y¥¥”’¥@ WW VW YYX&VP_W W@ AA /VYYYVPJ VY YV W¥_ 
LUNN NINN NON NANN 


YWYY YYV VY YY VY ¥W¥ YY VV VW VV VYV VV WY AA/Y VY YY VY YY VY VV VY YY 
LOAN RN 


OFF 


D OPEN 


KY DON'T CARE 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE es 


Vin oo tras 
RAS Vi 


tes RP topt 


tour trsH 
mt ——s 
Vii — 


trac 


QO} 
> 
(ep) 


tasc 


tcaH 


I 
Vin — FOV V7 TWIVIYVVVYN nv, VV AKTY TV 
trRH 
READ CYCLE S i] = 
ete Vin — DIVYA UAW AVAVAVAY, 
WE ae wt | RRS 
ee Vin — BAA / WA VAY 
ee 
a ee, OR 
WRITE CYCLE twsr| |trwe mi 


YYYYYY YYVY ¥ YY VY ¥ ¥ ¥ 
ENO OKOGG 


Lal 
nate Vn — YXYYYON LX XXX 
ame OOO L7? OHOOQUROE 
YL HRY 
DOOD 


— Vin — YYYYYYYVY YYYVYY VY YYYYY VV WP AAZ 


tms 
P| 
= Vin — YYYYY y, YVYY YYYYVYYYVY YY YY YY 
READ-MODIFY-WRITE CYCLE oe 


twsr| |trwH tawp ; 7 tawe 
wae" — SIO wen ORY = OY 
ee OOD 7 COO te LOOM 
mas = 
Vit p= toep 
Te : . 
: teiz 
Abe pon 
Wane Vi — CGR OC cata 
tas MH 


VALID DATA-OUT —— 


Vor — 
RY DON’T CARE 


DSF = DON’T CARE 
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TIMING DIAGRAMS £(continued) 
HIDDEN REFRESH CYCLE tac tre 


ae Vin tar 


torp 


on a 
— Vin 
mT \ ey 
Vin trap \S 
ee lel 


= YVYY jit Boxe YYVYY ¥Y YY YWYY YY 
tote QR RQON aooress JR cooness ROOD 


OAV ANAS IIVWIVVVWWVNS 
nh mem 
\/ > / NZ W 


—— vi TAA UAT UIT IIA AN y YYVYYV YY YY YY 
== RR Y CR 
pie YH ee TORN 
ae ey NOON PERRY | 
Ts” Lea lemme 

Vin — YYAAYYYAY torn | JYYYVWYYV YY VV WY YY VY PY PY POP 

oF OOOO O08 PU KALORIK LUNE 
torr 
ees Oe ee 


taa 


tac 
tras 


RAS 
tore 


tes 
taco trsH 


ae 
an Ss | e as, 
VY eae ees V/ VVVV es ee ee 
vm — ROM row aoonesd RR Win 00,0000 


‘ine COO 


tow. 
tawe 


iam 
wewe OW OOOO” OY 


twsr 


me PLN 
ae “ : - -ores (Delayed Write) 


(Early Write) RY ere 
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TIMING DIAGRAMS (Continued) 
READ COLOR REGISTER CYCLE 


—= Vin — tras 
RAS ‘ 
Vii 


tcrp ; tosH ; : 
as RCO RSH Va CPN 
~ a 


more RRO Row aooniess_ KYO OOK KA ERRAND 


CAS 


trHs | 
woe NO : 
pare Va — KIKI vette “r KRY K KKK) 
WB/WE ae XXX XY ” 9.0.07 OO 
oe RY ROOK LD 


tcac 
Wo/DQo Vou — 
~WsID03 Vo, — ( VALID OUTPUT ) 


trac 


FLASH WRITE CYCLE 


tac 


tL 
i tr trsH tcpn 
jd cP 


oe re 
Vi 


tasr traH 


_ VY -——LL | ee erase ee eee 
tote ROO Aooress POQUOSON 


ware EN ER 


tTHs | | tTHH 
EMSS 


= YVVY 
Nic “=e thet: WOOO EAI a LVM 
— A/VYN DY YY VV VY VY YY VY YY VY VY YYYWVW{VWV/VW W_® WY VW VY YVWVVY¥YWYVYVYYVY 
or OO] NOOO OOOO 
in — LYXX YYY YY VV Y VV VY YY YY YY YY YY YY YY YY YY VY VY Y Y¥ 
ot, — ORE are ROCIO OOOO OOO 


OUT ~_ ee OPEN 


Voi _ ET 
WM1 DATA CYCLE KO Dont Gare 
O Flash write Disable 
| Flash write Enable 
gu 
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TIMING DIAGRAMS (continued) 
BLOCK WRITE CYCLE 


RAS 


CAS 


Ao-Ag 


WB/WE 


DT/OE 


< 


tac 


tre 


tras 


i — 
torn 
trsH 
tcas 
trao 
tasr trax ' 
-— be ng 


tasc toaH 


Ee 1 = TD 
s=tal=r 


twsn > | 


=) = RUE RR Os 


tis fe 


w Smee RI NMRURRRENNINNNAN 


ae (ts {AUC MION NNT 


Viv 


IN Vin 


OE SS pad OO ORR 
ath OPEN 


tea Don’t Care 
*1 WB/WE| *2 Wo/DQo-W3/DQ3 CYCLE 
0 WM1 Data Masked Block Write 
1 Don’t Care Block Write (Non Mask) 
WM1 Data: 0: Write Disable 
1: Write Enable 


COLUMN SELECT DATA 

Wo/DQo — Column 0 (Aic=0, Aoc=0) 
W;,/DQ;1 — Column 1 (Aic=0, Aoc=1) 
W2/DQ2 — Column 2 (Aic=1, Aoc=0) 
W3/DQ3 — Column 3 (Aic=1, Aoc=1) 


Wn/DQn 
= 0: Disable 
= 1: Enable 
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TIMING DIAGRAMS 6 continuea) 
PAGE MODE BLOCK WRITE CYCLE 


PRELIMINARY 


CMOS VIDEO RAM 


}— tras 
RAS Vin tar 
ae = tec tec f+—— tasy tcpn 
tres tosH tcp top 
— ino . tcas tcas tcas r 
CAS : 7 aa Nu H/ 
tasr| | tra tasc RAL 
crea aren tran ecessat neem iaceuan centennnteenies 
nC, Gao: ae ee oe ROA HD ROOOOIOOD 
trys el tcan 
MoT YG RIT YY VV VV VV VY VV YY VY VY VV VY VY YY VV 
oie OY | OED A AU EK KRU 
pall ca eee Se 
aetna oe in - WY ; VY VVVV YVR VP PVP W@W PIV PVE 
TE SOUR HP® RO GOOO OOO OOOO OID 
tesr ee | en tesc| | torn 
~ RY Sra 0 cation araaraeraer 
sd Vi AL | OY QQQQOO YQ) ton QO 
tus 
Column Select Data Column Select Data alae 
RY Don't Care 
0 WM1 Data Masked Block Write 
1 Don’t Care Block Write (Non Mask) 
WM1 Data: O: Write Disable 
1: Write Enable 
COLUMN SELECT DATA 
Wo/DQo — Column 0 (Aic=0, Aoc=0) 
W1/DQi — Column 1 (Aic=0, Aoc=1 i Wn/DQn 
W2/DQ2 — Column 2 (Aic=1, Aoc=0) = 0: Disable 
W3/DQ3 — Column 3 (Aic=1, Aoc=1) = 1: Enable 
ga 
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TIMING DIAGRAMS (Continued) 
READ TRANSFER CYCLE 


RAS 


CAS 


Ao-As 


WB/WE 


DTIOE 


Wo/DQ5 
~W3/DQ3 


sc 


au 
wus 
wre 
ws 


® Ee 
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OSS) 


DAL 


Ao-Ag: TAP 


LVA\ 


tasp 


tsrs 


tsps 


XX XX XX 


DATA-IN y 


XX (X 
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ia 


ARR 
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S| a 

YY YY YY YYYYYVYY#{YWJY4 YY YW WW” X98 

Cy 


KARA AAA RXR 
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AVA 
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tscp 


tszs 


OY 


trap 


x Xx Ls 
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tsca 


trap 


Note: SE=V;, 
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TIMING DIAGRAMS (Continued) 
REAL TIME READ TRANSFER CYCLE 


tac 
tras 
er, Vi tar 
RAS ? 
Loo 
tosh 
tore i 
ae 2 a 
— Vin tcas 
CAS Vv 
Lo 
tRaL 
toaH 
Ao-Ag 


Ao-As: TAP 


tatH 


tawH 


tran 

ree eee 
Vn — XXA ROW (XS 
w= si ADDRESS _AXX) 


ey <p V¥ EVV 
WB/WE : Wy XXX \ 


L\ 


DT/OE 


tesr 
nS se A 
A 


Vi — LYAAS DAALDL 


| 
| 


LLAAALA 


Wo/DQo Vin 
~W3/DQ3 Vio tc. » 
[+ tscc tts trsp 
tsc tsce 
Vv — 
sc 1H 
Veo 
Vio 
IN i ee OPEN 
[ Vit — tsca tsca 
SDQo trap tson 
~SDQ3 
as VALID NX VALID VALID VALID x VALID . 
a ee DATA-OUT DATA-OUT DATA-OUT DATA-OUT DATA-OUT 
| 
Previous Row Data New Row Data 
iy ( TAP MSB (A8 
QSF (A8) 
Vo. — 
Note. SES Mic KY Don't Care 
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TIMING DIAGRAMS (continued) 


SPLIT READ TRANSFER CYCLE 


RAS 


< 
ea 
| 


CAS 


< 
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Vin Y Es SAM STAI 
week SIO KIGM Bites DAUM Roan DRS K 


twsr | | tawH Bere 
WET KY] RRR 
FE Me — KS aL 0 NO KKK 
a ae OO tN i a nad 


(nt 258) 


(n+ 256) 


n3257) 


Lower SAM 0-255 


Upper SAM 256-511 


Note: SE=Vi. we Dont’ Care 
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TIMING DIAGRAMS (Continued) 
PSEUDO WRITE TRANSFER CYCLE 


RAS 
ks: = 
tes 
torp t 
ae Vig t 
RA 


CLD 


wie 
ROW A 
A \VAVAl AL\V/\ 


< < 


Ly 


ees. SD os = 


tsps tscp tsc tscr 


‘o a 
QT | RRR | 


WZ 
OTC ee MR 


x 
’ . : 
ie nee ROO XX KY ou 
1 
1 
SDQo tsca | 
~SDQ3 ' 
i} 
Vow — VALID VALID 
—_—_—_————————_—_————_—_—_—_———————— 
OUT Vo, — ___DATA-OUT V4 DATA-OUT# Obes 
tcai i 
t 
trap t 
Vou ~ TAP MSB (A8 
QSF ‘ ( RMSE, (A5} 
ol 7 H 
Serial Output Data — {= Serial Input Data 
KX Don’t Care 
ga 
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TIMING DIAGRAMS (Continued) 
WRITE TRANSFER CYCLE 


RA! 
sea IH Al 
RAS 
Vi 
tore tes 


CAS 


SID 


pa 
mame iam NNMUnNNM NINN tt 


DADA AAAAAALAAALDLAALIIL 


s 
| 

> 
o 


NAVAN AV AVA 


Wo/DQ, Vin 


a Bey 
OPEN 
~W/DQg — VX vata a - 
tsrs hi tsce tsc tscp 


Vi tsc h 
VYN 
ON 


LZ 


tsox 


Vi 
SDQo H 
~SDQ3 tro 
[ Vow — 
OUT aGa——— OPEN 
Vor 
{ 
| 
Vou — i 
Qasr i (| TAP MSB (A8) 
Vor. — H 
{ 
Previous ———— +-——--_ New Row Data 
Row Data : 
WM! DATA: O-Transfer Disable ; 
1—Transfer Enable Don't Care 
aft ; 
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TIMING DIAGRAMS 6(continued) 


SPLIT WRITE TRANSFER CYCLE 


RAS 


CAS 


Ao-Ag 


WB/WE 


DT/OE 


Wo/DQo 


_ Wa/ DQ3 


sc 


oe Tae 
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Novy 


ORR 


—~xXy X —J TART 
XK |" COE Staessen 
PROB rarer NMOL 


= OOK at ae SGN 


tsts tstH 


RY 


RIS OOOO MY 


254 255 
(511) 


n+256 
(n) 


n n+1 n+2 
{n+256) (n+ 257) (n+258) 


~ Bi XetaX EXE XX EXE CD 
tsap 
: Feel 


Lower SAM 0-255 


Upper SAM 255-511 
Key Don't Care 
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SERIAL READ CYCLE (SE= Vit) 


RAS 


BOE KKK RY NOOO 


AL\Z\ 


ae KANN 


Vi 
Sc 
Vio 
SDQo Vou ~ VALID VALID VALID © ( VALID 
~SDQ3; V DATA-OUT DATA-OUT DATA-OU DATA-OUT 
(| ; 


n-2 n-1 n n+1 n+2 


Note: SE= VIL 


SERIAL READ CYCLE (SE Controlled Outputs) 


RAS 


Ramm NU nuunnunnnniiid NOK 
| | za Pays ; 


ein tsez 4 
3 
Vou — 
ia VALID VALID VALID VALID VALID 
eel tis oo DATA.oUT J paTAour P—— OPEN {- X vateour pata-out _|A_ DATA-OUT 


n-3 n-2 n-1 n n+1 n+2 


VALID 
ee Don't Care 
ou 
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TIMING DIAGRAMS continue) 
SERIAL WRITE CYCLE (SE Controlled Inputs) 


— Vv —_ 
RAS " 
Viv — 


try 


mein — IKK KKK KY MOOK AK) 
re ROO OOO 
tscc tscc at tscc tscc oe Da tscc 
tse tsc tsc tsc tsc 
ae || 
= Vino n-2 n-1 n n+1 n+2 
aa ; tscp Pacers tsce tscp 
scp towir tows ae tswin tows 
7 oe y_| tsee | 
SE is a tswis fies tswis pas 
Vio 
tse iS tse t- tse 
tsos| tsps’ tsps tson 


ROOOOUA oath 


n-2 (n—1) MASKED 


SDQo 
~SDQ3 


OUT _—_—o OPEN 


IVNVVIV/N 


Vin re 
sc 
Vit i—- 
SDQo Viq 
~SDQ3 Vi 


Note: SE=Vi_ 
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DEVICE OPERATIONS 


The KM424C257 contains 1,048,576 memory loca- 
tions. Eighteen addres’ its are required to address a 
particular 4-bit word in the memory array. Since the 
KM424C257 has only O address input pins, time 
multiplexed addressing is used to input 9 row and 9 col- 
umn addresses. The multiplexing is controlled by the tim- 
ing relationship between the row address strobe (RAS), 
the column address strobe (CAS) and the valid row and 
column address inputs. 


Operation of the KM424C257 begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 9 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM424C257 cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tap) requirement. 


RAS and CAS Timing 


The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM424C257 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 


A read cycle is achieved by maintaining WB/WE high dur- 
ing a RAS/CAS cycle. The access time is normally 
specified with respect to the falling edge of RAS. But the 
access time also depends on the falling edge of CAS and 
on the valid column address transition. If CAS goes low 


before trcp(max) and if the column address is valid 
before trap(max) then the access time to valid data is 
specified by trac(min). However, if CAS goes low after 
trcp(max) or if the column address becomes valid after 
trap(max), access is specified by tcac or taa. 


The KM424C257 has common data I/O pins. The DT/OE 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, DT/OE must 
be low for the period of time defined by toga. 


Write 


The KM424C257 can perform early write and read- 
modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between WB/WE, DT/OE and CAS. 
In any type of write cycle, Data-in must be valid at or 


before the falling edge of WB/WE, whichever is later. 


Fast Page Mode 


Fast page mode provides high speed read, write or read- 
modify-write access to all memory cells within a selected 
row. These cycles may be mixed in any order. A fast page 
mode cycle begins with a normal cycle. Then, while RAS 
is kept low to maintain the row address, CAS is cycled 
to strobe in additional column addresses. This eliminates 
the time required to set up and strobe sequential row ad- 
dresses for the same page. 


Write-Per-Bit 


The write-per-bit function selectively controls the inter- 
nal write-enable circuits of the RAM port. When WB/WE 
is held ‘low’ at the falling edge of RAS, during a random 
access operation, the write-mask is enabled. At the same 
time, the mask data on the Wi/DQi pins is latched onto 
the write-mask register (WM1). When a ‘0’ is sensed on 
any of the Wi/DQi pins, their corresponding write circuits 
are disabled and new data will not be written. 


When a ‘1’ is sensed on any of the Wi/DQi pins, their 
corresponding write circuits will remain enabled so that 
new data is written. The write mask data is valid for only 
one cycle the truth table of the write-per-bit function are 
shown in Table 2. 


Table 2. Truth table for write-per-bit function 


WRITE ENABLE 
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DEVICE OPERATIONS (Continued) 
Block Write 


A block write cycle is performed by holding CAS, DT/OE 
“high” and DSF “Low” at the falling edge of RAS and 
by holding DSF “high” at the falling edge of CAS. The 
state of the WB/WE at the falling edge of RAS determines 
whether or not the I/O data mask is enabled as write per 
bit function. At the falling edge of CAS, the starting col- 
umn address pointer and column mask data must be pro- 
vided. During a block write cycle, the 2 least significant 
column address (AO and A1) are internally controlled and 
only the seven most significant column address (A2-A8) 
are latched at the falling edge of CAS. 


Flash Write 


Flash write is mainly used for fast clear operations in 
frame buffer applications. A flash write cycle is perform- 
ed by holding CAS “high”, WB/WE “Low” and DSF “high” 
at the falling edge of RAS. The mask data must also be 
provided on the Wi/DQi lines at the falling edge of RAS 
in order to enable the flash write operation for selected 
1/0 blocks. 


Data Output 


The KM424C257 has a three state output buffers which 
are controlled by CAS and DT/OE. When either CAS or 
DT/OE is high (Vix) the output is in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the output the output goes into the low impedance state 
in a time specified by tciz after the falling edge of CAS. 
Invalid data may be present at the output during the time 
after tc.z and before the valid data appears at the out- 
put. The timing parameters tcac, trac and taa specify 
when the valid data will be present at the output. The 
valid data remains at the output until CAS returns high. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM424C257 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modity-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write, Read Color Register. 


Refresh 


The data in the KM424C257 is stored ona tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the 512 rows every 
8 ms. Any operation cycle performed in the RAM port 
refreshes the 2048 bits selected by the row addresses 
or an on-chip refresh address counter. Either a burst 
refresh or distributed refresh may be used. There are 


several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 512 row address, 
(Ao-Ag). 


CAS-before-RAS Refresh: The KM424C257 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tscr) before RAS goes low 
the on-chip refresh circuitry is enabled. An internal refresh 
operation automatically occurs. The refresh address is 
supplied by the on-chip refresh address counter which 
is then internally incremented in preparation for the next 
CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM424C257 hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM424C257 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain applica- 
tions in which it might be advantageous to perform refresh 
in this manner but in general RAS-only refresh or CAS- 
before-RAS refresh is the preferred method. 


Transfer Operation 


1. Normal Write/Read Transfer (SAM~RAM/RAM> 
SAM.). 

2. Pseudo Write Transfer (Switches serial port from serial 
Read to serial Write. No actual data transfer takes 
place between the RAM and the SAM.). 

3. Real Time Read Transfer (On the fly Read Transfer 
operation). 

4. Split Write/Read Transfer (Divides the SAM into a high 
and a low half. Only one half is transferred from/to 
the SAM while the other half is write to/read from the 
SDQ pins.). 


Read-Transfer Cycle 


A read-transfer consists of loading a selected row of data 
from the RAM array into the SAM register. A read-transfer 
is accomplished by holding CAS high, DT/OE low and 
WB/WE high at the falling edge of RAS. The row address 
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DEVICE OPERATIONS (Continued) 


selected at the falling edge of RAS determines the RAM 
row to be trasferred into the SAM. 


The actual data transfer completed at the rising edge of 


Table 3. Truth table for Transfer operation 


data transfer. A psuedo write transfer is accomplished 
by holding CAS high, DT/OE low, WB/WE low and SE 
high at the falling edge of RAS. The pseudo write transfer 
cycle must be performed after a read transfer cycle if 


*: Don’t Care 


DT/OE. When the transfer is completed, the SDQ lines 
are set into the otuput mode. In a read/real-time read- 
transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DT/OE and becomes valid 
on the SDQ lines after the specified access time 
tsca from the rising edge of the subsequent serial clock 
(SC) cycle. The start address of the serial pointer of the 
SAM is determined by the column address selected at 
the falling edge of CAS. 


Write Transfer Cycle 


A write transfer cycle consists of loading the content of 
the SAM data register into a selected row of RAM array. 
Awrite transfer is accomplished by CAS high, DT/OE low, 
WB/WE low and SE low at the falling edge of RAS. The 
row address selected at the falling edge of RAS deter- 
mines the RAM row address into which the data will be 
transfered. The column address selected at the falling 
edge of CAS determines the start address of the serial 
pointer of the SAM. After the write transfer is completed, 
the SDQ lines are in the input mode so that serial data 
synchronized with SC can be loaded. When two con- 
secutive write transfer operations are performed, there 
is a delay in availability between the last bit of the previous 
row and the first bit of the new row. Consequently the 
SC clock must be held at a constant Vi or Vin after the 
SC precharge time tscp has seen satisfied, a rising edge 
of the SC clock until after a specified delay trsp from the 
falling edge of RAS. 


Pseudo Write Transfer Cycle 


The pseudo write transfer cycle switches SDQ lines from 
serial read mode to serial write mode. It doesn’t perform 


RAS Falling Edge oer Transfer Transfer Sam port 
See || eee ieee || ee || =, Cemmeten Direction | Data Bits Mode 
CAS | DTIOE | WB/WE | SE DSF 
H L H * L Read Transfer RAM-~SAM 512X4 Input>Output 
7 H L | L L L Masked Write Transfer | SAM~RAM §12X4 Output>!nput 
: H L L H L Pseudo Write Transfer _ — OutputInput 
_#H L H * H Split Read Transfer RAM>SAM 256X4 Not Changed 
H L L | * H Split Write Transfer SAM~RAM 256X4 Not Changed 


the subsequent operation is a write transfer cycle. There 
is a timing delay associated with the switching of the SDQ 
lines from serial output mode to serial input mode. Dur- 
ing this period, the SC clock must be held at a constant 
Vit or Vin after the tsc precharge time has been 
satisfied. A rising edge of the SC clock must not occur 
until after the specified delay trsp from the falling edge 
of RAS. 


Special Function Input (DSF) 


In read transfer mode, holding DSF high on the falling 
edge of RAS selects the split register mode read transfer 
operation. This mode divides the serial data register into 
a high order half and a low order half; one active, and 
one inactive. When the cycle is initiated, a transfer oc- 
curs between the memory array and either the high half 
or the low half register, depending on the state of most 
significant column address bit (A8) that is strobed in on 
the falling edge of CAS. If A8 is high, the transfer is to 
the high half of the register. If A8 is low, the transfer is 
to the low half of the register. Use of the split register 
mode read transfer feature allows on-the-fly read transfer 
operation without synchronizing DT/OE to the serial clock. 
The transfer can be to either the active half or the inac- 
tive half register. If the transfer is to the active register, 
with an uninterrupted serial data stream, then the timings 
trs. and trsp must be met. 


In write tranfer mode, holding DSF high on the falling edge 
of RAS permits use of a Split Register mode of transfer 
write. This mode allows SE to be high on the falling edge 
of RAS without performing a pseudo write transfer, with 
the serial port disabled during the entire transfer write 
cycle. 
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Split Register Active Status Output (QSF) 


QSF indicates which half of the serial register in the SAM 
is being accessed. If QSF is low, then the serial address 
pointer is accessing the low (least significant) 256 bits 
of the SAM. If QSF is high, then the pointer is accessing 
the higher (most significant) 256 bits of the SAM. 


Serial Clock (SC) 


All operations of the SAM port are synchronized with the 
serial clock SC. Data is shifted in or out of the SAM 
registers at the rising edge of SC. In a serial read, the 
output data becomes valid on the SDQ pins after the max- 
imum specified serial access time tsca from the rising 
edge of SC. The serial clock SC also increments the 9 
bit serial pointer which is used to select the SAM address. 
The pointer address is incremented in a wrap around 
mode to select sequential locations after the starting loca- 
tion which is determined by the column address in the 
read transfer cycle. 


Serial Input/Output (SDQo-SDQ3) 


Serial input and serial output share common 1|/O pins. 
Serial input or output mode is determined by the most 
recent transfer cycle. When a read transfer cycle is per- 
formed, the SAM port is in the output mode. When a 
pseudo write is performed, the SAM port operation is 
switched from output mode to input mode. During subse- 
quent write transfer cycle, the SAM port remains in the 
input mode. 


Power-up 


An initial pause of 200 psec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. 


Table 4. SPLIT REGISTER MODE 


256 au 256 Columns 
512 rows WII: wy ] 
L cf 


(Serial R/W) (R/W Transfer) 


LOWER SAM 
UPPER SAM 
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PACKAGE DIMENSIONS 
28-PIN PLASTIC SOJ Units Inches (millimeters) 


0.720 (18.29) 
0.730 (18.54) 


Leer 


| i 0.026 (0.66) 
0.032 (0.81) 


(STAND-OFF) 


0.025 (0.64) 
MIN 


eal 
ols slo @2/¢ 
3/2 =/8 2/® 
S\o SIS Flr 
—| ~—[— 
= olo w)lw 
w 

318 8/8 Sls 
Slo P19 Solo 


0.148 (3.76) 


0.050 (1.27) 0.015 (0.38) 
typ | 0.021 (0.53) 


28-PIN PLASTIC ZIP 


1.435 (36.45) 0.113 (2.87) 
r MAX | | 0.120 (3.05) 


0.400 (10.16) 


0.517 (13.13) 
Ref 


0.050 (1.27) typ + 0.010 


dhedhdhdietl | 
Py 


l 
LL 2.000 (0.23) 
0.013 (0.33) 
0.100 (2.54) typ + 0.010 


0.016 (0.41) 
0.024 (0.61) 
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PACKAGE DIMENSIONS 
28-PIN PLASTIC TSOP.-II (Forward Type) 


Units: Inches (millimeters) 


0.03 (0. i ae 


0.740 (18.80) 
it} 
ARRAR RRR RRR BBB 


—_—l— -_— ema Bal 

o|e 
=| R © | 
o}°O oO -l|[o 
clo a cyjy= 
8/8 g| 3\8 
S|o roo) o|S 


0.005 | _ 0.008 10.13) 13) 


0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 0.041 (1. {0.04 (1.08) 


ee es ee 
[O] 9.08 max _ | on ee a 


0.037 (0.95) | | 0.048 (1.22) | 0.016 (0. «of 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) | | 
0.024 (0.60) 
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128KX8 Bit CMOS Video RAM 
FEATURES 


¢ Dual port Architecture 
128K x 8 bits RAM port 
256 x 8 bits SAM port 
¢ Performance 


Speed 
Parameter 


RAM access time (trac) 


| RAM access time (tec) 


RAM cycle time (tac) 


RAM page mode cycle (tec) 


SAM access time (tsca) 


SAM cycle time (tscc) 


RAM active current 


SAM active current 40mA | 40mA 

Fast Page Mode 

RAM Read, Write, Read-Modify-Write 

Serial Read and Serial Write 

Read, Real Time Read and Split Read Transfer 

(RAM~>SAM) 

e Write, Split Write Transfer with Masking 
operation (New Mask) 

¢ Block Write, Flash Write and Write per bit with 
Masking operation (New Mask) 

¢ CAS-before-RAS, RAS-only and Hidden Refresh 

¢ Common Data I/O Using three state RAM Output 
Control 

e All Inputs and Outputs TTL and CMOS 
Compatible 

e Refresh: 512 Cycle/8ms 

e Single +5V+10% Supply Voltage 

¢ Plastic 40-PIN 400 mil SOJ and 475 mil ZIP 

44(40)-PIN 400 mil TSOP II 


GENERAL DESCRIPTION 


The Samsung KM428C1 28 is a CMOS 128K x8 bit Dual 
Port DRAM. It consists of a 128K X8 dynamic random 
access memory (RAM) port and 256 X8 static serial ac- 
cess memory (SAM) port. The RAM and SAM ports 
operate asynchronously except during data transfer bet- 
ween the ports. 


The RAM array consists of 512 bit rows of 2048 bits. 
It operates like a conventional 128KX8 CMOS DRAM. 
The RAM port has a write per bit mask capability. 


The SAM port consists of eight 256 bit high speed shift 
registers that are connected to the RAM array through 
a 2048 bit data transfer gate. The SAM port has serial 
read and write capabilities. 


Data may be internally transferred bi-directionally between 
the RAM and SAM ports using read or write transfers. 


Refresh is accomplished by familiar DRAM refresh 
modes. The KM428C128 supports RAS-only, Hidden, 
and CAS-before-RAS refresh for the RAM port. The SAM 
port does not require refresh. 


All Inputs and |/O’s are TTL and CMOS level comparti- 
ble. All address lines and Data Inputs are latched on chip 
to simplify system design. The outputs are unlatched to 
allow greater system flexibility. 


Pin Name Pin Function 
Sc Serial Clock 
~SDQo-SDQ, Serial Data Input/Output 
DT/OE Data Transfer/Output Enable 
| WB/WE Write Per Bit/Write Enable 
RAS Row Address Strobe 
| CAS Column Address Strobe 
| DSF | Special Function Control 
Wo/DQo-W7/DQ7 | Data Write Mask/Input/Output 
SE Serial Enable 
Ao-As Address Inputs 
QSF | Special Flag Output 
Vec Power (+5V) 
Vss Ground 
N.C. No Connection 
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PIN CONFIGURATION (top views) 


40 Pin 400 mil SOJ 40 Pin 475 mil ZIP 


40/44 Pin 400 mil TSOP II 
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FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS 
eres CONTROL 
WB/WE 
ee 8 REFRESH 
DT/OE ADDRESS 


COUNTER 
DSF 


sc 
SE 


Oe Seeae: Sanaa 427128 sce eecene 255 


SPLIT DATA REGISTERJSPLIT DATA REGISTER WRITE 
(LOWER) (UPPER) MASK COLOR 


& 
REGISTER 
SERIAL DATA SELECTOR REGISTER 
re) 
he g 
; ra MEMORY ARRAY 
ir 2 64KX8 CELLS 
t 2 
5 Wo /DQo 
a 
YQ 
ty 
iva RAM 
a vO 
< BUFFERS 
As 9 W7/DQ, 
Qq MEMORY ARRAY 
3 64KX8 CELLS 
ac 
511 SDQo 
SERIAL DATA SELECTOR 
SPLIT DATA REGISTER]SPLIT DATA REGISTER 
(LOWER) (UPPER) 
Owed ese le TOF ADB aie Sas 255 , 
SDQ; 
SERIAL ADDRESS 
QsF 
COUNTER 
Voc 
Vss 
P+; 
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ABSOLUTE MAXIMUM RATINGS* 


Symbol 


PRELIMINARY 
CMOS VIDEO RAM 


Item Rating Unit 
Vin, Vout —1 to +7.0 V 


Voltage on Any Pin Relative to Vss 


Voltage on Vcc Supply Relative to Vss Vec —1 to +7.0 Vv 
Storage Temperature Tstg ~55 to +150 °C 
Power Dissipation | Pp 1 Ww 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=O to 70°C) 


Supply Voltage 


Ground | Vss 0 | 0 0 V 
Input High Voltage Vi 2.4 | — 6.5 V 
Input Low Voltage ViL ares = | 0.8 V 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter (Ram Port) 


Standby 


Operating Current* 
(RAS and CAS Cycling @trc =min.) 


Active 


mA 
Standby | RAS, CAS, DT/OE, SE=Vin SC =Vit Standby loce 5 5 5 mA | 
Current | DSF, WBIWE=Vin | SE=Vy SC=Cycling | Active locoA 50 | 40] 40 | mA 
RAS Only Refresh Current* Standby lecs 90 80 70 | mA 
(CAS =Vin, RAS Cycling @trc=min.) Active | loca 140 | 120 110 mA 
Fast Page Mode Current* Standby loca 70 60 50 | mA 


(RAS = Vi, CAS Cycling @tpc = min.) Active | locaA 120 100 90 | mA 


Standby loos 90 80 70 | mA 


CAS-Before-RAS Refresh Current* 


(RAS and CAS Cycling @ tre = min.) Active IcooA | 140 | 120] 110 | mA 
Data Transfer Current* Standby locs 120 | 110} 100 | mA 
(RAS and CAS Cycling @trac=min.) Active ‘fi loos 170 150 140 | mA 
Flash Write Cycle Standby lec7 90 80 70 | mA 
(RAS and CAS Cycling @ tac = min.) Active ek 
Block Write Cycle Standby loca 100 90 80 | mA 


(RAS and CAS Cycling @trc = min.) locgA 150 | 130] 120 


locg 90 80 70 


mA 
mA 


Active 
Standby 
Active 


Color Register Load or Read Cycle 
(RAS and CAS Cycling @trac = min.) 


*NOTE: Real values are dependent on output loading and cycle rates. Specified values are obtained with the output 
open, Icc is specified as average current. 


ce SAMSUNG 


105 


KM428C128 


PRELIMINARY 


CMOS VIDEO RAM 


INPUT/ OUTPUT CURRENT (Recommended operating conditions unless otherwise noted.) 


Item 


Input Leakage Current (Any Input O<Vin<6.5V, 
all other pins not under test=O volts.) 


Output Leakage Current (Data out is disabled, 


(RAM loc =2mA, SAM lo. = 2mA) 


CAPACITANCE (ta=25°c) 


Input Capacitance (Ao-Ag) 


Cini 


OV<Vout<6.5V) lot =40 10 uA 
Output High Voltage Level 

(RAM low = —2mA, SAM lon = — 2mA) VoH 2.4 = Vv 
Output Low Voltage Level VoL _ - , 


Input Capacitance (RAS, CAS, WB/WE, 


AC CHARACTERISTICS (0°c<ta<70°C, Vec=5.0V410%, See notes 1,2) 


Parameter 


Random read or write cycle time 
Read-modify-write cycle time 


Fast page mode cycle time 


Fast page mode read-modify-write 
Access time from RAS 


DT/OE, SE, SC, DSF) ace ees f a 
Input/Output Capacitance (Wo/DQo-W7/DQ7) Cpa = 7 pF 
Input/Output Capacitance (SDQo9-SDQ7) Cspa | = 7 pF 
Output Capacitance (QSF) Casr _ 7 pF 


Access time from CAS 


Access time from column address 


Access time from CAS precharge 
CAS to output in Low-Z 


Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 


RAS pulse width 


10,000 


RAS pulse width (fast page mode) 
RAS hold time 

CAS hold time 

CAS pulse width 


100,000 


100,000 


RAS to CAS delay time 


RAS to column address delay time 
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AC CHARACTERISTICS (Continued) 


KM428C128-6 | KM428C128-8 | KM428C128-10 
Parameter Symbol 
Min; Max 
CAS to RAS precharge time torp 
CAS precharge time topn 
CAS precharge time (fast page mode) top 
Row address set-up time tasr 
Row address hold time tran 
Column address set-up time tasc 
Column address hold time toan 
Column address hold referenced to RAS tar 
Column address to RAS lead time | trav 
Read command set-up time tacs 
Read command hold referenced to CAS tacu 
Read command hold referenced to RAS trrH 
Write command hold time twou 
Write command hold referenced to RAS twcr 
Write command pulse width twe 
Write command to RAS lead time F trwi 
Write command to CAS lead time tow. 
Data set-up time tos 
Data hold time ton 
Data hold referenced to RAS tour 
Write command set-up time twes 
CAS to WE delay tewn 
RAS to WE delay trwo 
Column address to WE delay time tawp 
CAS setup time (C-B-R refresh) tosr 
CAS hold time (C-B-R refresh) | tour 
RAS precharge to CAS hoid time trpc 
RAS hold time referenced to OE trou 
Access time from output enable toca 
Output enable to data input delay toep 
Output buffer turnoff delay from OE toez 
Output enable command hold time toeH 
Data to CAS delay tozc 
| Data to output enable delay tozo 
| Refresh period (512 cycles) trer 
| WB set-up time twsr 
WB hold time trwH 
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oO = 


KM428C128-6 | KM428C128-8 | KM428C 128-10 

Parameter Unit | Notes 
DSF set-up time referenced to RAS (I) tesr 0 0 oO; ns 
DSF hold time referenced to RAS () true 45 60 75 ns 
DSF hold time referenced to RAS (Il) trFH 10 15 15 ns 
DSF set-up time referenced to CAS tesc 0 0 0 ns 
DSF hold time referenced to CAS torH 15 15 20 ns 
Write per bit mask data set-up tus 0 0 0 ns 
Write per bit mask data hold tun 10 15 15 ns 
DT high set-up time trus 0 0 0 ns 
DT high hold time bay 10 15 15 | ns 
DT low set-up time tris 0 0 0 ns 
DT low hold time trun 10 15 15 ns 
DT low hold ref to RAS 
(real time read transfer) tern 50 65 80 ne 
DT low hold ref to CAS 
(real time read transfer) tor 25 25 30 is 
DT low hold ref to Col. Address 
(real time read transfer) tata 30 | | ao] | a8 
SE set-up referenced to RAS tesa | =o] otStiédsCi 


| ns | 

ee 

DT high to RAS precharge time | 6o] S| 70] ns | 

DT precharge time ee) ee 

RAS to first SC delay (read transfer) trsp 80 100 — 

CAS to first SC delay (read transfer) tesp 

Col. Addr. to first SC delay (read transfer) | tasp 

Last SC to DT lead time trst 

DT to first SC delay (read transfer) trsp 

Last SC to RAS set-up (serial input) tsps 

RAS to first SC delay time (serial input) tsa 

RAS to serial input delay tspp : a 
Serial out buffer turn-off delay from t 7 
RAS (pseudo write transfer) oe | 
Serial input to first SC delay tszs 

SC cycle time tscc la 
SC pulse width (SC high time) iss [ns | 
SC precharge (SC low time) tscp 

Access time from SC tsca 

Serial output hold time from SC tsou 

Serial input sett-up time tsps 

Serial input hold time tspx 
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KM428C128-6 | KM428C128-8 | KM428C128-10 
Parameter = : : 


a ——————S 


KM428C128 


SE pulse width 

SE precharge time = = ns 
Serial out buffer turn-off from SE 0 20; 0 20| ns 7 
Serial input to SE delay time 0 0 ns 
Serial write enable set-up time 5 5 ns 
Serial write enable hold time 15 15 ns 
Serial write disable set-up time 5 5 ns 
Serial write disable hold time 15 15 ns 
Split transfer set-up time 30 30 ns 
SC-QSF delay time tsap 25 25| ns 
DT-QSF delay time 25 25| ns 
CAS-QSF delay time 40 50| ns 
RAS-QSF delay time 80 100| ns 


NOTES 


1. 


An initial pause of 200us is required after power- 
up followed by any 8 RAS, 8 SC cycles before proper 


achieves the open circuit condition and is not 
referenced to Von or VoL. 


device operation is achieved. If the internal refresh 8. twos, trwo, tcwo and tawp are non restrictive 
counter is used a minimum of 8 CAS-before-RAS operating parameters. They are included in the data 
initialization cycles are required instead of 8 RAS sheet. as electrical characteristics only. If 
cycles. twcs2twcsimin) the cycle is an early write cycle and 

2. Vit(min) and Vit(max) are reference levels for measur- the data out pin will remain high impedance for the 
ing timing of input signals. Transition times are duration of the cycle. If tcwo2tcwoimin) and 
measured between Vin(min) and Vitmax), and are trwo2trwo(min) and tawo2tawpimin), then the cycle 
assumed to be 5ns for all inputs. is a read-write cycle and the data out will contain 

3. RAM port outputs are measured with a load the data read from the selected address. If neither 
equivalent to 2 TTL loads and 100pF. of the above conditions are satisfied, the condition 

4. SAM port outputs are measured with a load of the data out is indeterminate. 
equivalent to 2 TTL loads and 30pF. Dout com- 9. Either tac or taRH must be satisfied for a read 
parator level: Vou/Vo_L=2.0/0.8V. cycle. 

5. Operation within the tracp(max) limit insures that 10. These parameters are referenced to the CAS 
trac(max) can be met. tacp(Max) is specified as a leading edge in early write cycles and to the WE 
reference point only: If tacp is greater than the leading edge in read-write cycles. 
specified tracp(max) limit, then access time is con- 11. Operation within the trapimax) limit insures that 
trolled exclusively by tcac. trcp(max) can be met. tRapimax) is specified as a 

6. Assumes that tacp2trcpimax)- reference point only. If trap is greater than the. 

7. The parameters, torF(max), toEz(max), tspz(max) and specified trap(max) limit, then access time is con- 
tsez(max), Gefine the time at which the output trolled by taa. 
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TIMING DIAGRAMS 
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KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


RAS 


CAS 


Ao-As 


WB/WE 


Wo/DQo~v 
W7/DQ7 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 
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PRELIMINARY 
KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
PAGE MODE READ CYCLE 


trp 


tras 
RAS 
Vi 
tasH tcpn 
tcas 
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PRELIMINARY 
CMOS VIDEO RAM 


TIMING DIAGRAMS £(continueq) 


PAGE MODE WRITE CYCLE (EARLY WRITE) 


trap 


trasp 
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PRELIMINARY 
KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
PAGE MODE READ-MODIFY-WRITY CYCLE 


trasp 


tar = 


Vie tesH 


= tprwe tprwe trsH 
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Ao-As ioe = a lis X “h, i Toe appRESs vy Oey RAR 
: ror <a 
WSR twe 
mre wT} =, 


DT/OE ples i 
iL if 
ose ae RY YN re 


i ms ima 


* al XY 
hit | 
sf ALLE 
ve Ott ty Chi a: Sal _ 


We — 


IN 
[ Vit 
fie ee. | VALID VALID ee VALID 
Wo/DQo ATA-IN DATA-IN DATA-IN 
~W7/DQ7 tan fis ie. | eGale 
[_ Vou — 
OUT ( ) (| ) ‘ ) 
Vo. — 
trac VALID DATA-OUT VALID DATA-OUT 


VALID DATA-OUT 


Oo Don’t Care 


oH SANSUNG | 3% Me 114 


WF clectronics 


PRELIMINARY 
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TIMING DIAGRAMS (continueg) 
RAS ONLY REFRESH CYCLE 


RAS _ 
—, Vip 
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Vw 


traH 
on SRR as NO 
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KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE 
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KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
READ COLOR REGISTER CYCLE 
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KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
BLOCK WRITE CYCLE 


trp 


RAS tar 
ye " eae $f] 
tasr tran 

Min — AXX ee (XX Son ve XK KKK) 
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twsr — tasc toaH 
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*2 Wo/DQo-W7/DQ7 CYCLE 


WM1 Data Masked Block Write 
Don’t Care Block Write (Non Mask) 


0 


1 


WM1 Data: 0: Write Disable 
1: Write Enable 


COLUMN SELECT DATA 

Wo/DQo — Column O (Aic=0, Aoc=0) 
W1/DQ; — Column 1 (Aic=0, Aoc=1) 
W2/DQ2 — Column 2 (Aic=1, Aoc=0) 
W3/DQ3 — Column 3 (Aic=1, Aoc=1) 


Wn/DQn 
= 0: Disable 
= 1: Enable 
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PRELIMINARY 
KM428C128 CMOS VIDEO. RAM 


TIMING DIAGRAMS (Continued) 
PAGE MODE BLOCK WRITE CYCLE 


trasp pans 
So Vy — 
RAS i tar 
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t 
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6) WM1 Data Masked Block Write 
1 Don’t Care Block Write (Non Mask) 


WM1 Data: O: Write Disable 
1: Write Enable 


COLUMN SELECT DATA 


Wo/DQo — Column 0 (Aic=0, Aoc=0) 

W:/DQ; — Column 1 (Aic=0, Aoc=1) Wn/DQn 
W2/DQ2 — Column 2 (Aic=1, Aoc=0) = 0: Disable 
W3/DQ3 — Column 3 (Aic=1, Aoc=1) = 1: Enable 
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PRELIMINARY 
KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
READ TRANSFER CYCLE 


RAS 


CAS 
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PRELIMINARY 
KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
REAL TIME READ TRANSFER CYCLE 
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TIMING DIAGRAMS 6 continueg) 


SPLIT READ TRANSFER CYCLE 
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KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
PSEUDO WRITE TRANSFER CYCLE 
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KM428C128 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
WRITE TRANSFER CYCLE 
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TIMING DIAGRAMS (Continued) 


SPLIT WRITE TRANSFER CYCLE 


tras ea 
eee Vino 
RAS 
Vi 
tate trap ; 
Pas A 
Vin y 


CAS 


Vane, 


oN OO Xun SSS 


XY iL SAM START 
KK a= [_ noone DRE 
mmm NR 


—— Vy (YX 
WB/WE () 
Vii — LAAADAA LLVA\ f\/\ LILVAV\ LA\ IWAN AV AN LA\Z\ 


a 


Mee eae 
255 eg cart. feck 127 n+128 
= (127) (254) (255) (n) 
sc re 7 


SDQo VIH — “955 
~SDQ; Vi — (127) \ 
tsan = 
Vou — Y 
ose ( /, xX 

S 


Vor — 


Lower SAM 0-127 


"Upper SAM 128-255 
Re Don’t Care 
aw 


SAMSUNG - 


ae Electronics 


Note: SE=ViL 


PRELIMINARY 
KM428C128 CMOS VIDEO RAM 


SERIAL READ CYCLE (SE= Vi) 
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n-2 n-1 n n+1 n+2 
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SERIAL READ CYCLE (SE Controlled Outputs) 
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TIMING DIAGRAMS (continue) 
SERIAL WRITE CYCLE (SE Controlled Inputs) 
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DEVICE OPERATIONS 


The KM428C128 contains 1,048,576 memory loca- 
tions. Eighteen address bits are required to address a 
particular 4-bit word in the memory array. Since the 
KM428C128 has only O address input pins, time 
multiplexed addressing is used to input 9 row and 9 col- 
umn addresses. The multiplexing is controlled by the tim- 
ing relationship between the row address strobe (RAS), 
the column address strobe (CAS) and the valid row and 
column address inputs. 


Operation of the KM428C1 28 begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 9 address input pins is changed from 
a row address to a column address and is strobed in by 
‘CAS. This is the beginning of any KM428C128 cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tap) requirement. 


RAS and CAS Timing 


The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM428C128 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 


Aread cycle is achieved by maintaining WB/WE high dur- 
ing a RAS/CAS cycle. The access time is normally 
specified with respect to the falling edge of RAS. But the 
access time also depends on the falling edge of CAS and 
on the valid column address transition. If CAS goes low 


before trcp(max) and if the column address is valid 
before trap(max) then the access time to valid data is 
specified by trac(min). However, if CAS goes low after 
trcp(max) or if the column address becomes valid after 
trap(max), access is specified by tcac or taa. 


The KM428C128 has common data I/O pins. The DT/OE 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, DT/OE must 
be low for the period of time defined by toga. 


Write 


The KM428C128 can perform early write and read- 
modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between WB/WE, DT/OE and CAS. 
In any type of write cycle, Data-in must be valid at or 


before the falling edge of WB/WE, whichever is later. 


Fast Page Mode 


Fast page mode provides high speed read, write or read- 
modify-write access to all memory cells within a selected 
row. These cycles may be mixed in any order. A fast page 
mode cycle begins with a normal cycle. Then, while RAS 
is kept low to maintain the row address, CAS is cycled 
to strobe in additional column addresses. This eliminates 
the time required to set up and strobe sequential row ad- 
dresses for the same page. 


Write-Per-Bit 


The write-per-bit function selectively controls the inter- 
nal write-enable circuits of the RAM port. When WB/WE 
is held ‘low’ at the falling edge of RAS, during a random 
access operation, the write-mask is enabled. At the same 
time, the mask data on the Wi/DQi pins is latched onto 
the write-mask register (WM1). When a ‘0’ is sensed on 
any of the Wi/DQi pins, their corresponding write circuits 
are disabled and new data will not be written. 


When a ‘1’ is sensed on any of the Wi/DQi pins, their 
corresponding write circuits will remain enabled so that 
new data is written. The write mask data is valid for only 
one cycle the truth table of the write-per-bit function are 
shown in Table 2. 


Table 2. Truth table for write-per-bit function 


H 


WBIWE Wi/DQi 
H * 


FUNCTION 
WRITE ENABLE 


I /z 


oo r 
H 


WRITE ENABLE 
WRITE MASK 
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DEVICE OPERATIONS (continued) 
Block Write 


A block write cycle is performed by holding CAS, DT/OE 
“high” and DSF “Low” at the falling edge of RAS and 
by holding DSF “high” at the falling edge of CAS. The 
state of the WB/WE at the falling edge of RAS determines 
whether or not the I/O data mask is enabled as write per 
bit function. At the falling edge of CAS, the starting col- 
umn address pointer and column mask data must be pro- 
vided. During a block write cycle, the 2 least significant 
column address (AO and A1) are internally controlled and 
only the seven most significant column address (A2-A8) 
are latched at the falling edge of CAS. 


Flash Write 


Flash write is mainly used for fast clear operations in 
frame buffer applications. A flash write cycle is perform- 
ed by holding CAS “high”, WB/WE “low” and DSF “high” 
at the falling edge of RAS. The mask data must also be 
provided on the Wi/DQi lines at the falling edge of RAS 
in order to enable the flash write operation for selected 
1/0 blocks. 


Data Output 


The KM428C128 has a three-state output buffers which 
are controlled by CAS and DT/OE. When either CAS or 
DT/OE is high (Vip) the output is in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the output the output goes into the low impedance state 
in a time specified by tc.z after the falling edge of CAS. 
invalid data may be present at the output during the time 
after tcLz and before the valid data appears at the out- 
put. The timing parameters tcac, trac and taa specify 
when the valid data will be present at the output. The 
valid data remains at the output until CAS returns high. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM428C1 28 operating cycles 
is listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modity-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write, Read Color Register. 


Refresh 


The data in the KM428C1 28 is stored on a tiny capacitor 
within each memory ceil. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the 512 rows every 
8 ms. Any operation cycle performed in the RAM port 
refreshes the 2048 bits selected by the row addresses 
or an on-chip refresh address counter. Either a burst 


refresh or distributed refresh may be used. There are 
several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 512 row address, 
(Ao-As). 


CAS-before-RAS Refresh: The KM428C1 28 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tscr) before RAS goes low 
the on-chip refresh circuitry is enabled. An internal refresh 
operation automatically occurs. The refresh address is 
supplied by the on-chip refresh address counter which 
is then internally incremented in preparation for the next 
CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM428C1 28 hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM428C1 28 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain applica- 
tions in which it might be advantageous to perform refresh 
in this manner but in general RAS-only refresh or CAS- 
before-RAS refresh is the preferred method. 


Transfer Operation 


1. Normal Write/Read Transfer (SAM->RAM/RAM~> 
SAM.). 

2. Pseudo Write Transfer (Switches serial port from 
serial Read to serial Write. No actual data transfer 
takes place between the RAM and the SAM.). 

3. Real Time Read Transfer (On the fly Read Transfer 
operation). 

4. Split Write/Read Transfer (Divides the SAM into a high 
and a low half. Only one half is transferred from/to 
the SAM while the other half is write to/read from the 
SDQ pins.). 


Read-Transfer Cycle 


A read-transfer consists of loading a selected row of data 
from the RAM array into the SAM register. A read-transfer 
is accomplished by holding CAS high, DT/OE low and 
WB/WE high at the falling edge of RAS. The row address 
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DEVICE OPERATIONS 6(Continueq) 


selected at the falling edge of RAS determines the RAM 
row to be trasferred into the SAM. 


The actual data transfer completed at the rising edge of 
DT/OE. When the transfer is completed, the SDQ lines 
are set into the otuput mode. In a read/real-time read- 
transfer cycle, the transfer of a new row of data is com- 


Table 3. Truth table for Transfer operation 


data transfer. A psuedo write transfer is accomplished 
by holding CAS high, DT/OE low, WB/WE low and SE 
high at the falling edge of RAS. The pseudo write transfer 
cycle must be performed after a read transfer cycle if 
the subsequent operation is a write transfer cycle. There 
is a timing delay associated with the switching of the SDQ 
lines from serial output mode to serial input mode. Dur- 


*: Don't Care 


pleted at the rising edge of DT/OE and becomes valid 
on the SDQ lines after the specified access time 
tsca from the rising edge of the subsequent serial clock 
(SC) cycle. The start address of the serial pointer of the 
SAM is determined by the column address selected at 
the falling edge of CAS. 


Write Transfer Cycle 


A write transfer ‘cycle consists of loading the content of 
the SAM data register into a selected row of RAM array. 
A write transfer is accomplished by CAS high, DT/OE low, 
WB/WE low and SE low at the falling edge of RAS. The 
row address selected at the falling edge of RAS deter- 
mines the RAM row address into which the data will be 
transfered. The column address selected at the falling 
edge of CAS determines the start address of the serial 
pointer of the SAM. After the write transfer is completed, 
the SDQ lines are in the input mode so that serial data 
synchronized with SC can be loaded. When two con- 
secutive write transfer operations are performed, there 
is a delay in availability between the last bit of the previous 
row and the first bit of the new row. Consequently the 
SC clock must be held at a constant Vi or Vin after the 
SC precharge time tscp has seen satisfied, a rising edge 
of the SC clock until after a specified delay tasp from the 
falling edge of RAS. 


Pseudo Write Transfer Cycle 


The pseudo write transfer cycle switches SDQ lines from 
serial read mode to serial write mode. It doesn’t perform 


RAS Falling Edge : Transfer Transfer Sam port 
aa | mo me | we = Function Direction Data Bits Mode 
CAS | DT/OE | WBIWE | SE DSF 

H L H * L Read Transfer RAM~SAM 256X8 Input>Output 
T I 
Aes 2b L , -L | L_| Masked Write Transfer SAM~>RAM 256X8 | Output>Input 
H | L | L H L Pseudo Write Transfer — _ Output>Input 
| H L H * H Split Read Transfer RAM~>SAM 128xX8 Not Changed 
H L L * H Split Write Transfer SAM>RAM 128X8 Not Changed 


ing this period, the SC clock must be held at a constant 
Vi. or Vin after the tsc precharge time has been 
satisfied. A rising edge of the SC clock must not occur 
until after the specified delay tasp from the falling edge 
of RAS. 


Special Function Input (DSF) 


In read transfer mode, holding DSF high on the falling 
edge of RAS selects the split register mode read transfer 
operation. This mode divides the serial data register into 
a high order half and a low order half; one active, and 
one inactive. When the cycle is initiated, a transfer oc- 
curs between the memory array and either the high half 
or the low half register, depending on the state of most 
significant column address bit (A8) that is strobed in on 
the falling edge of CAS. If A8 is high, the transfer is to 
the high half of the register. If A8 is low, the transfer is 
to the low half of the register. Use of the split register 
mode read transfer feature allows on-the-fly read transfer 
operation without synchronizing DT/OE to the serial clock. 
The transfer can be to either the active half or the inac- 
tive half register. If the transfer is to the active register, 
with an uninterrupted serial data stream, then the timings 
trs. and trsp must be met. 


in write tranfer mode, holding DSF high on the falling edge 
of RAS permits use of a Split Register mode of transfer 
write. This mode allows SE to be high on the falling edge 
of RAS without performing a pseudo write transfer, with 
the serial port disabled during the entire transfer write 
cycle. 
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Split Register Active Status Output (QSF) 


QSF indicates which half of the serial register in the SAM 
is being accessed. If QSF is low, then the serial address 
pointer is accessing the low (least significant) 128 bits 
of the SAM. If QSF is high, then the pointer is accessing 
the higher (most significant) 128 bits of the SAM. 


Serial Clock (SC) 


Alt operations of the SAM port are synchronized with the 
serial clock SC. Data is shifted in or out of the SAM 
registers at the rising edge of SC. In a serial read, the 
output data becomes valid on the SDQ pins after the max- 
imum specified serial access time tsca from the rising 
edge of SC. The serial clock SC also increments the 9 
bit serial pointer which is used to select the SAM address. 
The pointer address is incremented in a wrap around 
mode to select sequential locations after the starting loca- 
tion which is determined by the column address in the 
read transfer cycle. 


Serial Input/Output (SDQo-SDQ3) 


Serial input and serial output share common I/O pins. 
Serial input or output mode is determined by the most 
recent transfer cycle. When a read transfer cycle is per- 
formed, the SAM port is in the output mode. When a 
pseudo write is performed, the SAM port operation is 
switched from output mode to input mode. During subse- 
quent write transfer cycle, the SAM port remains in the 
input mode. 


Power-up 


An initial pause of 200 psec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. 


Table 4. SPLIT REGISTER MODE 


256 Columns 


256 Columns 


256 Rows 


zz 


(Serial R/W) 


(R/W Transfer) 


LOWER SAM 
UPPER SAM 
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PACKAGE DIMENSIONS 
40-PIN PLASTIC SOJ 


Units Inches (millimeters) 


(STAND-OFF) 


1.020 (25.91) 0.025 (0.64) 0.008 (0.20) 
' 1.030 (26.16) MIN 0.012 (0.30) 
C1 ry 


0.360 (9.14) 
0.380 (9.65) 
0.435 (11.05) 
0.445 (11.30) 


0.395 (10.03) 
0.405 (10.29) 


0.148 (3.76) 
MAX 


0.113 (2.87) 
0.120 (3.05) 


2.040 (61.82) 


| MAX 


0.402 (10.21) 
0.418 (10.62) 


0.475 (12.07) 


_| 0.009 (0.23) 
0.013 (0.33) 


0.100 + 0.01 (2.54) 
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PACKAGE DIMENSIONS 
40/44-PIN PLASTIC TSOP-II (Forward Type) Units Inches (millimeters) 


0.740 (18.80) MAX 0.03 (0.80) 


0.459 (11.66) 
0.466 (11.86) 


0.722 (18.36) 
0.726 (18.46) 
0.005 (0.13) 
0.008 (0.20) 


TL 


0.016 (0.40) 
0.024 (0.60) 


EET ES PO LS ee 
arene] OUTTA 


0.030 (0.75) 0.010 (0.25) | | 
0.035 (0.85) 0.018 (0.45) 


+ 


0.031 (0.805) 
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256K x 8 Bit CMOS Video RAM 


FEATURES 


e Dual Port Architecture 
256K x 8 bits RAM port 
512 x 8 bits SAM port 
Performance range: 


Parameter 


RAM access time (trac) 


RAM access time (tcac) 20ns | 20ns | 25ns 
RAM cycle time (tac) 120ns |}150ns | 180ns 
RAM page mode cycle (tpc)| 40ns | 50ns | 60ns 
SAM access time (tsca) 15ns } 20ns | 25ns 
SAM cycle time (tscc) 18ns | 25ns | 30ns 
RAM active current 100mA| 80mA| 70mA 


SAM active current 


Fast Page Mode 

RAM Read, Write, Read-Modify-Write 

Serial Read and Serial Write 

Read Real Time Read and Split Read Transfer 

(RAM~SAM) 

Write, Spiit Write Transfer with Masking operation 

(NEW MASK) 

¢ Block Write, Flash Write and Write per bit with 
Masking operation (NEW MASK) 

¢ CAS-before-RAS, RAS-only and Hidden Refresh 

¢ Common Data I/O Using three state RAM Output 

Control 

All Inputs and Outputs TTL and CMOS Compatible 

Refresh: 512 Cycles/8ms 

Single +5V+10% Supply Voltage 

Plastic 40-Pin 400 mil SOJ and 475 mil ZIP 

40/44-Pin Plastic TSOP (Type Il) 


GENERAL DESCRIPTION 


The Samsung KM428C256 is a CMOS 256K x8 bit 
Dual Port DRAM. It consists of a 256K x 8 dynamic ran- 
dom access memory (RAM) port and 512 x 8 static serial 
access memory (SAM) port. The RAM and: SAM ports 
operate asynchronously except during data transfer be- 
tween the ports. 

The RAM array consists of 512 bit rows of 4096 bits. 
It operates like a conventional 256K x 8 CMOS DRAM. 
The RAM port has a write per bit mask capability. 

The SAM port consists of eight 512 bit high speed 
shift registers that are connected to the RAM array 
through a 4096 bit data transfer gate. The SAM port has 
serial read and write capabilities. 

Data may be internally transferred bi-directionally be- 
tween the RAM and SAM ports using read or write 
transfers. 

Refresh is accomplished by familiar DRAM refresh 
modes. The KM428C256 supports RAS-only, Hidden, and 
CAS-before-RAS refresh for the RAM port. The SAM port 
does not require refresh. 

All inputs and 1/O’s are TTL and CMOS level compat- 
ible. All address tines and Data Inputs are latched on 
chip to simplify system design. The outputs are un- 
latched to allow greater system flexibiliy. 


Pin Function 
Serial Clock 
Serial Data Input/Output 


Pin Name 


sc 
SDQo-SDQ; 
DT/OE Data Transfer/Output Enable 
WB/WE | Write Per Bit/Write Enable 
RAS Row Address Strobe 

CAS } 
DSF Special Function Control 
W,/DQy — W7/DQ; | Data Write Mask/Input/Output 
SE Serial Enable 

Ao-As 
QSF 
Vec Power (+5V) 
Vss | Ground 

No Connection 


Column Address Strobe 


| 
Address Inputs 


L Special Flag Output 
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PIN CONFIGURATION (op views) 


40 Pin 400 mil SOJ 40 Pin 475 mil ZIP 


Vss1 
SDQ, 
SDQ¢5 
SDQ; 
SDQ, 
SE 

(34| W7/DQ, 
W./DQe5 
W,/DQs 
W4/DQy 
Vss2 
DSF 
NC 
CAS 
QSF 

Ao 

A 

A2 

As 
Vss3 


Vss3 
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FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS 
fit CONTROL 
WB/WE 
<5, 8 REFRESH 
DT/OE ADDRESS 


COUNTER 
DSF 


sc 
SE 


(a 255 256 sss eee ee 511 


SPLIT DATA REGISTERJSPLIT DATA REGISTER WRITE 
(LOWER) (UPPER) MASK COLOR 


& 
R 
SERIAL DATA SELECTOR REGISTER corn 
7) 
fe g 
a MEMORY ARRAY 
ti = 128K x8 CELLS 
m7 (eo) 
i x Wo/DQo 
a . 
2 255 
RAM 
a COL. DEC. & /O 0 
< BEE BUFFERS 
Ag 8 W7/DQ; 
aq MEMORY ARRAY 
z 128K x8 CELLS 
ac 
511 SDQo 
SERIAL DATA SELECTOR 
SPLIT DATA REGISTER |SPLIT DATA REGISTER 
(LOWER) (UPPER) 
Ose ee ee ee 6 255 D256 ee ee we we 511 A 
SDQ7 


SERIAL ADDRESS 
QSF 


COUNTER 


Vec 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss Vin, Vout -—1to +7.0 


Voltage on Vcc Supply Relative to Vss Voc -—1to +7.0 


Storage Temperature Tstg —55 to +150 


Power Dissipation Pp 1 
Short Circuit Output Current los 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C) 


Supply Voltage 


Ground 


Input High Voltage 


Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


KM428C256 
Parameter (RAM Port) SAM Port 
Operating Current* Standby lect 100 80 | 70 | mA 
(RAS and CAS Cycling @tac= min.) Active loci A 130 120 110 mA 
Standby Current Standby loce 10 10 10 mA 
(RAS = CAS = Vin) Active loce A 50 40 35 mA 
RAS Only Refresh Current* Standby loos 90 80 70 mA 
(CAS = Vin, RAS Cycling @tac= min.) Active loos A 130 120 110 mA 
Fast Page Mode Current* Standby loca 70 60 50 mA 
(RAS = Vi, CAS Cycling @tec = min.) Active loca A 110 100 90 | mA 
CAS-Before-RAS Refresh Current* Standby lees 90 80 70 mA 
(RAS and CAS Cycling @tac = min.) Active loos A 130 120 110 mA 
Data Transfer Current* Standby locs 120 110 100 mA 
(RAS and CAS Cycling @trac = min.) Active loce A 160 150 140 mA 
Flash Write Cycle Standby loo7 90 80 70 | mA 
(RAS and CAS Cycling @tac = min.) Active lcc7 A 130 120 110 mA 
Block Write Cycle Standby loca 100 90 80 mA 
(RAS and CAS Cycling @trc = min.) Active locg A 140 130 120 mA 
Color Register Load or Read Cycle Standby loca 90 80 70 mA 
(RAS and CAS Cycling @tac = min.) Active loca A 130 120 110 mA 


* NOTE: Real values are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Icc is specified as average current. 
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INPUTIOUTPUT CURRENT (Recommended operating conditions unless otherwise noted.) 


Item Symbol Min Max Unit 
Input Leakage Current (Any Input 0<Viw<6.5V, | 49 10 A 
all other pins not under test =0 volts.) be e | 

Teer 7 

Output Leakage Current (Data out is disabled, 1d 
OV <Vour<6.5V) lo 10 10 | HA 
Output High Voltage Level 37, 
(RAM lou= —2mA, SAM low = —2mA) Vou a4 ae 
Output Low Voltage Level = 
(RAM Io. =2mA, SAM lo, = 2mA) Vou 0.4 ¥ 


CAPACITANCE 1, =25°0) 


input Capacitance (Ao-As) 6 
Input Capacitance 7 pF 
(RAS, CAS, WB/WE, DT/OE, SE, SC, DSF) | 
Input/Output Capacitance (Wo/DQo-W7/DQ;) Coe — 7 | pF 
Input/Output Capacitance (SDQo-SDQ;) Cspa — 7 pF 
Output Capacitance (QSF) mi 
AC CHARACTERISTICS (°c<t<70°C, Vec=5.0V + 10%. See notes 1, 2) 
KM428C256-6 | KM428C256-8 | KM428C256-10 
Parameter Symbol i Lease let ies ie Unit | Notes 
Min Max Min Max Min Max 
| Random read or write cycle time | trc 120 150 180 | ns 
Read-modify-write cycle time [ trwe 170 [ 205 245 | ns 
Fast page mode cycle time tec 40 | 50 60 ns | 
| Fast page mode read-modify-write terwe 95 105 | 125 | ns | 
Access time from RAS trac 60 80 100 | ns | 3,4 
| Access time from CAS ice 20 | 20 | 25| ns | 4 
pccere time from eoluinn address il taa 30 | 40 | 50; ns | 3,11 
Access time from CAS precharge topa 35 45 55] ns 3 
| CAS to output in Low-Z (igs 5 | 5 | 5 7 | ns 3 
| Output buffer turn-off delay torr 0 =| 0 25 | 0 30| ns 7 
| Transition time (rise and fall) i] tr 3 50 3 50 | 3 50] ns 2 
RAS precharge time tre 50 | 60 70 ns | 
RAS pulse width tras 60 ie 80 10,000 | 100 | 10,000) ns 
RAS pulse width (Fast page mode) | trasp 60 | 100,000 80 | 100,000} 100 [ 100,000 ns 
| RAS hold time [_ test 20 20 | 25 [ns | 
[CAS hold time tes 60 | 80 | 100 | [ns | | 
CAS pulse width tcas 20 | 10,000 | 20 10,000 25 | 10,000 | ns | 
RAS to CAS delay time | taco 20 40 25 | 55| 25 75| ns | 5,6 
| RAS to column address delay time ipo 15 30} 20 40] 20 | 50] ns {11 
ou 
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AC CHARACTERISTICS (Continued) 


KM428C256-6 | KM428C256-8 | KM428C256-10 
Parameter 3 Notes 

CAS to RAS precharge time tore 5 - 4 5 5 =| ns | 

CAS precharge time ton 10 10 15 ns 

GAS precharge time (Fast page) | tr | 10 | | 10 | | 18 | | ns 

Row address set-up-time tasr 0 | ff co] 0 ns 

Row address hold time tran 10 15 |_ 15 ns 
[ Column address set-up time tasc 0 0 | o | ns 
jeourn address hold time toan zi 15 15 ie 20 [ins His 
Column address hold referenced to RAS | tar 55 65 75 T ns 

Column address to RAS lead time traL 30 ail i: 50 Ee ns | 

Read command set-up time al 0 0 0 Tt ns 

Read command hold referenced to CAS | toon - 0 0 - + ns 9 
[esd command hold referenced to RAS | trrn ) 0) i ii ) ns | 9 | 
Write command hold time ai; twon_| 15 15 20 | ns 
| Write command hold referenced to RAS | twcr 55 65 | 75 ip ns 

Write command pulse width twe 15 15 20 a [ns i 
Write command to RAS lead time ale tawe 20 20 @ 25 ns 

Write command to CAS lead time tom | 20 20 4 25 | | ne | 
Data-in set-up time tos 0 0 Z 0 L ns 10 
Data hold time ray 15 18 | | 20 | ns | 10 
Data hold referenced to RAS tour af 55 65 75 ical 

Write command set-up time i twes 0 0 | 0 ns 8 | 
CAS to WE delay lowe 50 50 60 4 [ns | 8 
RAS to WE delay tewo | 90 110 | 135 ns | 8 
Column address to WE delay time tawo. it 60 70 | 5 | if ns 1 8 | 
CAS set-up time (C-B-R. refresh) tcsr ~ 10 10 10 | [ ns 

CAS hold time (C-B-R refresh) | tour 15 15 [ 20 ns 

RAS precharge to CAS hold time trpc 0 0) | 0 : l ns | 
RAS hold time referenced to OE tron 20 20 20 ns 
[Access time from output enable toga 20 i | 25 r ns 

Output enable to data input delay toep 15 15 20 ns 

[Output buffer turnoff delay from OF | to | 0 | 2 | 0 | 0 | 0 | 2 [ns| 7 
Output enable command hold time toen 20 20 25 ns 

Data to CAS delay El | 0 ns | 
Data to output enable delay 0 L 0 ns 

Refresh period (512 cycles) 8 a | ma 

WB Set-up time 0 0 L ns 

WB hold time 15 [ 20 [ns 

DSF set-up time referenced to RAS (I) 0 0 ns 
sus 
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AC CHARACTERISTICS (continued) 


KM428C256-6 | KM428C256-8 | KM428C256-10 ; 
Parameter Symbol Unit | Notes 
Min Max Min Max Min Max 


DSF hold time referenced to RAS (Il) teuR 65 75 ns 
DSF hold time referenced to RAS tarH 15 15 |_ns 
DSF set-up time referenced to CAS tesc 10 10 ns 
DSF hold time referenced to CAS torH 15 15 ns 
Write per bit mask data set-up tus 0 0 ns 
Write per bit mask data hold tu 15 20 ns 
DT high set-up time tris 0) 0 | ns | 
DT high hold time tan 15 15 ns 
DT low set-up time | tus 0 ) ns 
DT low hold time trun 15 15 | ns | 
BT low hold ref to RAS | 

(real time read transfer) trtH 70 80 ns 
— —— T T 

DT low hold ref to CAS 

(real time read transfer) tet 25 30 aS 
DT low hold ref to Col. Address 

(Real time read transfer) tatH 30 35 Bg 
SE set-up referenced to RAS tesr 0 0 ns 
SE hold time referenced to RAS tren 10 15 ns 
DT precharge time tre 25 30 | ns 


| RAS to first SC delay (read transfer) trsp 
CAS to first SC delay (read transfer) | tosp 
Col. Addr. to first SC delay 


r 


(read transfer) tasp 45 55 ns 
| Last SC to DT lead time et 5 | [ 5 | [ns | 
DT to first SC delay (read transfer) trsp 10 15 ns 
Last SC to RAS set-up (serial input) | ters | 25 | 30 |_ns 
RAS to first SC delay time (serial input) | tsro | 25 | 30 ns 
RAS to serial input delay tspp 40 50 ns 
: DAG i 
ar eee ey eon. tspz 30 10 | 40 10 50 | ns 7 
Serial input to first SC delay tszs 0 0 ns 
SC cycle time | tscc 25 | [ 30 | | ns | 
SC pulse width (SC high time) tsc 10 10 ns 
SC precharge (SC low time) tscp 10 10 | ns | 
Access time from SC tsca 15 | 20 | 25 |_ns 4 
Serial output hold time from SC tsou 5 [ 5 ns 
| Serial input set-up time | tsps | 0 | 0 [ns 
Serial input hold time tspH 15 20 ns 
Access time from SE tsea 15 20 25 ns 4 
DT High to RAS Precharge Time te 50 60 70 ns 


au 
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AC CHARACTERISTICS (Continued) 


KM428C256-6 | KM428C256-8 | KM428C256-10 
Parameter Symbol Unit | Notes 
Min Max Min Max Min Max 

SE pulse width |_ tse 15 20 25 ns 

SE precharge time tsep 15 20 25 ns 

Serial out buffer turn-off from SE tsez | 0 | 15 o | 15 0 20 | ns | 7 

Serial input to SE delay time tsze Ee aa se seen 0 ns 

Serial write enable set-up i] tsws 5 | 5 | 5 | ns 

Serial write enable hold time tswu 15 15 15 ns 

Serial write disable set-up time | tswis 5 5 5 ns 

Serial write disable hold time tswin 15 15 15 ns 

Split transfer set-up time tsts 18 25 | 30 [ ns 

Split transfer hold time | tstH 18 25 | 30 | ns 

SC-QSF delay time tsap 16 20 25 ns | 

DT-QSF delay time as 16 20 25 | ns 

CAS-QSF delay time tem 35 40 | 50 | ns 

RAS-QSF delay time trap 60 80 100 | ns 

NOTES 

1. An initial pause of 200us is required after power- achieves the open circuit condition and is not refer- 
up followed by any 8 RAS, 8 SC > cycles before proper enced to Vou or Vo. 
device operation is achieved (DT/OE = HIGH). If the 8. twos, tawo, town and tawn are non restrictive operat- 
internal refresh counter is used a minimum of 8 ing parameters. They are included in the data sheet 
CAS-before-RAS initialization cycles are required in- as electrical characteristics only. If twcs>twcs(min) 
stead of 8 RAS cycles. the cycle is an early write cycle and the data out- 

2. Vin(min) and V\(max) are reference levels for meas- put will remain high impedance for the duration of 
uring timing of input signals. Transition times are the cycle. If tewo>tewo(min) and tawo>tawo(min) and 
measured between Vj(min) and V,(max) and are tawo>tawo(min), then the cycle is a read-write cycle 
assumed to be 5ns for all inputs. and the data output will contain the data read from 

3. RAM port outputs are measured with a load equiva- the selected address. If neither of the above con- 
lent to 2 TTL loads and 100pF. ditions are satisfied, the condition of the data out 

4. SAM port outputs are measured with a load equiva- is indeterminate. 
lent to 2 TTL loads and 30pF. Dour comparator lev- 9. Either tracy OF trry Must be satisfied for a read 
el: Vou/lVor = 2.0/0.8V. cycle. 

5. Operation within the teco(max) limit insures that 10. These parameters are referenced to the CAS lead- 
taac(max) can be met. taco(max) is specified as a ing edge in early write cycles and to the WE lead- 
reference point only. If trcp is greater than the ing edge in read-write cycles. 
specified tacp(max) limit, then access time is con- 11. Operation within the tran(max) limit insures that 
trolled exclusively by tcac. trcp(max) can be met. tran(max) is specified as a 

6. Assumes that tacp>trcp(max). reference point only. If tran is greater than the 

7. The parameters, torr(max), toez(Max), tsozmax) and specified tran(max) limit, then access time is con- 
tsez(max), define the time at which the output trolled by taa. 

Pt 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS 
READ CYCLE bis 


tras tae 


Viq — tar 


AS 
: tcrp ; 
iCSH 


taco tasH 


pao, Vin — tcas Fa r 
MEN ied use \N ee 


tcpn 


tasr 


- = ee 4 [tran | WAU AV AWA AW AW AV AV AWAY, 
“« REIN Bs MOS = STD 


trcH 


WB/WE MES Oe OX RY WY LOCOS WOK 


mice" — ROY me NOOO 
ose TN ent am a OOOO 


Vi 


ae OY Ss : 
oy —_ SY KORY F = a 


Vou — Fe iz 
ts OUT ¥ OPEN bX VALID DATA-OUT ) 
(or 


WRITE CYCLE (EARLY WRITE) 


tre 
tras tap 
RAS Vin — tar 
Vit = 


tcrp 
tesu torn 
taco seem il 


Vig ad 
CAS = t two \ tcas 
Vi — RAD 
tcaH 


She Benen c= —_— NED 


e (et ares RY ee 
Wwewe ™ nn) “1 WPB ats TY 
i, _ 


OTIOE — a ay = =e amt jenantsomanies 
oe RN ae ia OR 


Vin — YO = YX X) VY 7 
ee aon S Cnsoonan ane RORY 
Lacupe ee 
RAY Don’t Care 
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PRELIMINARY 
CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


tac 


Te ee tar 
RAS a ae 
i ‘i = tasr eee “eK \ ie a, 

YH = PHF Row = ae. 
fork AORN Rotness QO Rosas ROCKO) 

wae — TER ae here ERY 

ve — OE wee De YAY 

v= a CURNAONENUNCONNAON, 
BTIOE y, — XY tesa | WOOO YY 
or “IRN || LR ennNeNUnCNnCNtRNNNNN 


ae IN 
Wo/DQo~v 
W7/DQ7 


L_ out 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


RAS 


Ao-As 


WB/WE 


ve — SRE 0m RS IOOGOAN, Van Baran ASO 
ne: = OPEN 


Vin _ tar 


tosH tcen 


tac 


Vin — fYWY eS ees a 
e SK CRD 


trsH 
tcas 


tasr tran 


twsr tow. 
Vv XX) OF LI 
iH X X 
wee KY 
VV AVA A WY 
ts ee 
jt — 


tewo 


Coe AY 


toeH 


eo, OOOO 


1, OA 


LINAS 


rant 
an 
hae 
R= | RRR 


tus tou 


rae re TOVTUVYV VV VY V 
t= po OR 


ead 
mn KO 
IN we DATA 
ae a XY Ws 
0 lov AA 
W7/DQ; ; mt 
‘OH A 
L_ our ¥ OPEN OM oatacur } 
a Rd oe 
Don’t Care 
wa 
aus 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
PAGE MODE READ CYCLE 


RAS 


t tec t— trsy ae 


tcas t=— tcas 
eee oa eter eae 
al — tosu ; fe t— tral -———a4 
tray ca toaH re toaH ; be— toan 
LJ 
Vin sow XX COLUMN XXX) COLUMM (x 6. COLUMN Wry 
Ao-As _ \ ADD gee ADDRESS XX) (YN ROW 
| 


wt ADDRESS 
me MT ail i] 
Je yeey. 
wd ie 


pemaitem Vin — AJ 
DT/OE _ a 


tacH 


tary 


si 


RR BR 


ni 


tesr tor 


nr HN i “yh ft BRO | FIR 


i ron ee Ed i 
a topa 


topa 
Vo — YVYYVYVY || al | 
r" Vi Oe: , i torr toga tore 
Wo/DQo tcac tcac toez 


VALID VALID ‘ 
(| pata-out |) DATA-OUT 


L taa 
VoH — VALID 
OUT . ———1— oren (| DATA-OUT 
f>—— trac 


KX Don’t Care 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
PAGE MODE WRITE CYCLE (EARLY WRITE) 


tap 
trasp 


Vin tar 


CAS 


RAS 
Vio 
tec tec 
torp ke Me t t topn 
ae = A i a P| 
\ tcas 


—, |__| 
IH ROW 
Ao-Ag Vii xX 0 | p OY 


tcas tcas i 
= | iy 
tcan tasc [ 
Cas F CoM ie \\ coil XXX) oun WYK 
ROHL aomts KYSAN Sorts ROMON, Saoaeds DOM 


2 iW | | 
anon a V\) YY YV\ WAVES AVIAN’ VWYVYYAY 
wane wre DY LOOT wl DOO 
1 tow. 


tawL 


RY YVVY YY YVYV VV VY VY YY VV VY VY 

VVV “A AV AVAVAVAVAVAY 
RRA | RN | aR 
Va — 1 YVVVY\ VV YY AF VALID : YVVVYYY VY Y 
oe OE TR. EE OR 


Wo/DQo toHR 


torH 


L OUT a 


KY Don't Care 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS 6 continued) 
PAGE MODE READ-MODIFY-WRITY CYCLE 


trasp 


Vin  RODRRSS | ina ‘ 


tome Hac J rooness ‘en fe) PE sooness) — 


aH all sina i 
8 mil Z Le a het — 


| EIN: ls Sf Sa | 


WB/WE 


‘ nstatatt 
| Vir 
wn ie ee VALID lake VALID ic VALID 
Wo/DQo DATA-IN DATA-IN DATA-IN 
~W7/DQ7 taa 5 taa 
Vou — 
Mo ale La be = zis 
Vor ~~ 
trac VALID DATA-OUT VALID DATA-OUT 


VALID DATA-OUT 


KX Don’t Care 
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PRELIMINARY 
CMOS VIDEO RAM 


TIMING DIAGRAMS £(continueg) 
RAS ONLY REFRESH CYCLE 


RAS 


CAS 


Ao-Aa 


Wo/DQo 
~W;/DQz 


Vou 


VoL 


tasr tran 


Ea 
— QQOUAROM ADORE SOOO abttss AX 


l 
OY 


) KAKA KARR RRR 


cee | ss 
~ OXY OSLO KKK RRR 


tesr trey 


LA 


PO LN 


OPEN 


CAS BEFORE RAS REFRESH 


RAS 


CAS 


WB/WE 


DT/OE 


aR InNnNtUNNNNNNNN ANION AH ARNON INNS 


trp tac 


tras 


tcsr 


OL ERY 


torr 


OPEN 


KY DON'T CARE 
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' PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vin 
RAS Vii — 
tcsr 
CAS Vin 
Vi — 
tse | 
Vin — YYYVY YY YYVYVYV VY YYYYYYy YWYYYYYY YYY 
Be ROE ory OOOO 
ed tRRH 
READ CYCLE I) 
aes IN IIIT NIN INI INUININIS; RKKVYY 
BME ae WO 


Viw — A/ YY 


Vi — AX 


fe 
von a 
WoIDQo ~ XN VALID DATA-OUT ) 


W7/DQ7 Qi 


WRITE CYCLE tise tewe [ 
twos 
GER seers: ileal Geererarmes eS aaraeie aS 
_—— Vin — YYYVY YY VW eV AW AV AV AU AVA AV AVA UAW AUAWAW) AV/V/ YWYV Wav, WAAAY YAS 
TOE OOOO OOOO OOOO NNN 


Vi — VAAAAAAAAA AAA AEAS NS ‘Ay 


tus 
a Vin — YXY ;>— TWTYY 
READ-MODIFY-WRITE CYCLE 


tRWH = 
poe ee Vie — ONV9 TYYY YY YG YY YY YY YY AA 
ay vais os ye 
BT/OE oo || | | 
Vin — 7 ( = | 
“wna |v Oh 1 AMC ona ) 


Von — 


tawe 


Ne DON'T CARE 


DSF = DON’T CARE 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE 


trc tre ; 
tras tre tras = 
Vin tar 
RAS ” 
t tcrp 
es tour tcpn 
aa Vi — 
A 
ae Nn iy 
Steet | 


iH — YYVY — —_ ee YYYY ¥Y VY Y 


=e thes [EVV VV 
Wwa/iwe Vin ae i | esa a | 
TE ol y RORY 
anal PIIIA/Y ¥ YN 
WY OOONENS 


= 
DI/OE Vin — 
_ Vi — ny ROD 
“iit flea 
Vin — V torH Y YWYVYVYYVVYYV WIV WAVAVAV AY a, 
ad ROO BRR RR 


PT KY 


Viv IWIYVAWAWAAANAASL (LVN 
= or 
torr 
Wi Vou — 
an 3 [momar 
Vo. — . 
taa 
LOAD COLOR REGISTER CYCLE ; 
RC 
t trp 
RAS 
ARS ee 
Vi — 


tcrp 
tes 


trep trsH 


Vin — CAS 
SP een ae a come ae, 
Vin — ee en ee ee 
oe — RdwPow aoonesshe yy OOOO 


Vi ROY) 
twsr a tow. ; 
. a. cos Vin — VV VY mY YYY XY YY YX XXX YY YVY WP YVVVYV/ 
mee |] RRQQQOQKOQQOOOQOONE" OQGOUOY 
; ee | ae 
mo OF TO 
ia 
Vin — 7Y VY YAOVATAVATATAVAVAVATAVAVATATAVATATAVAVATAAVATATATAVATAVAVA ATA AVAVATATAVATAVA' ONAN, 
| RI OOOO OOOO ODN 
tour 
Vin — SYYY YA ARAASIY YAY YY AALS VW YYYYVYVVVYY Y 
wae Ve OOH corn oxrain KES 
~W7/DQ7 (Delayed Write) 
at OUT vor OPEN 
Vo. — tos ton 


ve SOOO coven oarans NORD 
(Early Write) Ry Don’t Care 
ou 
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PRELIMINARY 


KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
READ COLOR REGISTER CYCLE 


RAS 


CAS 


Ao-As 


Wo/DQo 
~W7/DQ7 


tre 


Va — tras 


tore tosH 
| tacp trsH Va torn 
ve — RORY ROW ADERESS HOE) OOO OORIRD 


trys 


Vu — YYYVYYVY VV 
Oy CRY 
ii ee 


ms LAVAVAVAVAYAVAVAVAY, 
ve RY Ny "RO 


torr 


we — SOOOY NOOK 


ALS 


trac 


FLASH WRITE CYCLE 


Ao-Ag 


Vig = tras 


Vii — 

[ —— 4] 
= { 
Vu tasr tran ica 


aa ee 
Vin — VY AY AV AV AVAVAVAV AV AY AAV AV AY AY AVAVAVAVAY AV AVAVAVAV AV ATAVAVAVAVAVAVAVAWAVAVAVAVAY, 
OSs OL 
twsr trwH 
RN 


tris trun 


Vn — X¥XYXYY MPVIVVYYVYYVWVWYVW°WVW¥VWY{JV®W®@WJ®W@WW_”@VY{VWPVW@YW™®@ YYVWYWVWYWVWVWYWVWV WW YVWV YY VY 

ee es | ROOK 
a 

“oo VYY¥ RY YYYVY YY VY Y WY YY Y YYW WV YA A° ° YY YWYVY W¥ WY WW YW@ WY WY 

We OO YT RIOR 


COP EEN So 
Vo. — : 
WM1 DATA CYCLE KY pentcare 
Oo Flash write Disable 


! Flash write Enable 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
BLOCK WRITE CYCLE 


tac 
trp 


tras 
RAS 


a tar 
~ tcrp eee 
topn 
our eer ee ee 
rm See aaa 
Vi trap 
2 tasr tray 
) 


Spee ay ae YYVVYV YY YYYVY 


ADDRESS ADDRES OK KK KK KK 


trac 


ee 
bar hs Vin — YYQY YYVYVYY VY VY YVVYVYYV/SV VY YY YYVY VV YY VY VY VAY YYVYYYY ¥Y 


tris + —-| + —~ 
ne | aUUeRONNNRNARANNARARNA AARNE 
tesa } La eee eee eee 
or SOOT abet] ROO OOOOOOOI 


tus] 
Are S) GRLED 0) CaS NNO NNN 


Von — tour 
OUT er mnypemeemncnermneeenntemeseemenemnemmmnncemn () PEN 


ee Don't Care 


*1 WB/WE| *2 Wo/DQo-W3/DQ3 CYCLE 


0 WM1 Data Masked Block Write 
1 Don’t Care Block Write (Non Mask) 


WM1 Data: 0: Write Disable 
1: Write Enable 


COLUMN SELECT DATA 


Wo/DQo — Column 0 (Aic=0, Aoc=0) 

W1/DQi — Column 1 (Aic=0, Aoc=1) Wn/DQn 
W2/DQ2 — Column 2 (Aic=1, Aoc=0) = 0: Disable 
W3/DQ3 — Column 3 (Aic=1, Aoc=1) = 1: Enable 
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KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
PAGE MODE BLOCK WRITE CYCLE 


RAS 


CAS 


Ao-Ag 


trp 


trasp 
Vin — 


Vit — 
trsH topn 


tar 
t 
ie a = . i 


Vi — ae tcas tcas tcas 
aa q \ i, 
v= SIH) aan OY A YE OT 
yO row | AERA ET RU of ORY 
Vea 7 V/ | Lay WAV, YY SV WW AVAV AW) V/V VV YY V YASS AAASV/ 
WENO CEA) NOUN nnunnnnnnnnnennnmnnminniennunnmnunns 


FSR an yt tory 
ee at | Fr oe oe bee rae 
vi — WAAL LT YQ QQ | 1, KQQQQQOO QOD 

Column Select Data Column Select Data ‘olumn 
Select Data 


RY Don’t Care 
*1 WB/WE! *2 Wo/DQo-W3/DQ3 CYCLE 


0 WM1 Data Masked Block Write 
1 Don’t Care Block Write (Non Mask) 


WM1 Data: 0: Write Disable 
1: Write Enable 


COLUMN SELECT DATA 


Wo/DQo — Column 0 (Aic=0, Aoc=0) 

W;/DQ; — Column 1 (Aic=0, Aoc=1) Wn/DQn 
W2/DQ2 — Column 2 (Aic=1, Aoc=0) = 0: Disable 
W3/DQ3 — Column 3 (Aic=1, Aoc=1) = 1: Enable 


ou 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS 6 continued) 
READ TRANSFER CYCLE 


oat Vin tar 
RAS 
Vio 
torp tesy a 
ar si - — 
I 


GAS 
= 
ed Eat aa toaH 
Ao-Ag Vino XX » ‘(ae CON, SAM START ADDRESS MOOK OO AAN, XXX 
Vo Bf ADDRESS in XXX XXX XXX x) 
Ao-Ag: TAP 


wae |= 
Bie ia 
mae 
OY 


eakan 
Pe Bae =/an RR KKK 


YY Y¥ YYYYVWV 
Vi — LZ WOKS AANA AN AN ANA AN AN AN AN AV AN AV ANAS 
ie oe ad 
——=a 


KRIS 


TEREST RASS 


LVA\ Aé\ fV\ AV AVAVAVAYAYA' 


tscc 
tsrs tsc tscp 


oe | ae 
sc i INHIBIT RISING TRANSIANT 
Vit, tse ; 


tsps 


tsou 


VALID 
DATA-OUT J 
Vo. — 


trap 


| 
ViH YYY YY VV Y Yu 
Gace ( taten DOK wey 
(| 


Gop Oe ( TAP MSB (A7) 


Note: SE=Vit Ww Don’t Care 
Banks  - °&a = = 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 
REAL TIME READ TRANSFER CYCLE 


RAS 


tosH 
tcrp 1 
trop trsH 


oy pt tn YVVVYVVVVYVYYYYVYY 
ok . . Oo weee- |) QM SAM START ADDRESS AAD 
wane” XY RAS AXA KIKI 


tTRP 


DT/OE 


Vin — YY VYVVVYVVV VY YVYY ¥ YYW Y VY VV VY VV Y YYSV VV V VY VV VYVYVVY 

“iBone 

sc . 7 

IN a 

| Vit — 

SDQo 
~SDQ, 

our ee aie oar 


1 
Previous Row Data + New Row Data 
H 
Vou 
QSF TAP MSB (A7) 
Vo. — _ = ; = 2 -_ i = 


Note: SE=Vi. XV Don't Care 


+ SAMSUNG 188 


Electronics 


KM428C256 


PRELIMINARY 
CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 


SPLIT READ TRANSFER CYCLE 


RAS 


CAS 


Ao-Ag 


~XXXXXK XK YX a ; SAM START YY YY YY vy 
— OOO witas RRM sa in ROSES GAKKAI 


twsr | | tawH eT A 
pal isa YVYYV YY VV YY ¥ YY VY Y XY YY YY VY VY V 
Mae SI 1] Ia 
iam NN 000000010006, MM ci cistcortoeroserorrorrornarirnnrminnin 
eek pe inti 28) he fei e180) So dens foes A De 
“Sb, vo, = _ 29 OEE cE, 
a oe ciphelnnenet 
Note: SE=ViL WO 
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PRELIMINARY 
CMOS VIDEO RAM 


TIMING DIAGRAMS 6 continued) 
PSEUDO WRITE TRANSFER CYCLE 


Vin 
Vii — 


RAS 


cA 


trsH - 
ee 


tasc 


a (esos Unseen 


tors Ot, 
i Hil 


sc 


tesr 


_ Vinw WV, A NX VYYVY ee 
ae Vi As KK 
Viq — 
[ IN Vii-ee 
SDQ_ 
~SDQ; A 
V — 
OUT +H = DATA.OUT M bare our) 
OL { 


b 
as 


Inhibit Rising Transiant eS 
ise ‘ 


XEXKROM OO SOOK 


\) 
i SON, | 


tscc 


tsce 


tsc 
pn 


OE Ea 


1 
q 
OPEN a 
t 
1 


VALID 
DATA-IN 


tcap 


trap 


1 
' 
Serial Output Data =———} 


(; TAP MSB (A7) 


— Serial Input Data 


KX Don’t Care 
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KM428C256 _ CMOS VIDEO RAM 


TIMING DIAGRAMS £(continuea) 
WRITE TRANSFER CYCLE 


RAS 


CAS 


WB/WE 


DT/OE 


DSF 


Wo/DQo 
~W7/DQ7 


sc 


tras tap 


= tar 
Vii 
torp SH 
ae | a an 
Vit RA S A 
aaa 


a 
om res OTR 


ROXXKXAXXXAXAX 


|___ 


LA\A\ 


Vin — 


tus 
torr 


. _ Van DATA » = 
ail tsc Was 
oo fe NL 


v= ey 
Se EER UNNI 


! 
QsF i (| TAP MSB (A7) | 
Voi — 1 1 
| 
te WMI Data: 0-Transfer Disable [New Row Data 
1>Transfer Enable ; 

RY Don’t Care 
a 
sus 
2 SAMSUNG a 


Electronics 


PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (continued) 


SPLIT WRITE TRANSFER CYCLE 


VTE VAVAVAVAVAVAVAVAVAVAVAY — SAM START 
home eee KK soem DECISIS 


tReH 
tsts tstH 


+t oo nt2 126 127 n+128 
(127) =| (n+128) (n+129) (n4+130) “°° (254) (255) (n) 


Sc 


BO I dodocadocndide 
~SDQ; _ (127) 
tsap oe 
ae ee ee 


Voi 


Lower SAM 0-127 


Upper SAM 128-255 
ee Don’t Care 
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PRELIMINARY 
KM428C256 | CMOS VIDEO RAM 


SERIAL READ CYCLE (SE=ViL) 


—— Vv 
RAS Ma 
Vie 
—— Vu 
DT/OE 
Vit 
Vino 
a a ae ae bed 
Vi 
SDQ, Vou — VALID VALID 
~ a DATA-OUT - DATA-OUT DATA-OUT CATA. OUT 
SDQ, Vo — ; 


n-2 n-1 n n+7 n+2 


Note: SE=Vi. 


SERIAL READ CYCLE (SE Controlled Outputs) 


—— Vin = 
RAS 

Vi 

— Vino 

DT/OE y 

Lo 

tscc tscc tscc tscc tscc 
tsc 

SC at 

Viv _ n-3 

tscp tscp 

4 Vinqo — 
SE 

Vic — 


~SDQ7 
K Big Von Xi va \  vaup NY VALID Ni vaup 
Vo. DATA. OUT BATA. OUT OPEN] DATA-OUT DATA-OUT DATA-OUT 


n-3 n-2 n-1 n+1 n+2 


VALID 
a Don’t Care 
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PRELIMINARY 
KM428C256 CMOS VIDEO RAM 


TIMING DIAGRAMS (Continued) 
SERIAL WRITE CYCLE (SE Controlled Inputs) 


RAS 


—— Vn — WVYVYYYVYVVYVY YY VY ¥ YY VY¥F RYVY VV VWYVVV WWVWV VV VY VY¥V 
FE ROOK) ON 
[+ tcc tscc lL. ; tscc tscc——=fo— tse 
| | 7 = 
Vino n-2 n-1 n n+1 n+2 
sc 
= tscp Peal tscp ' nee tscp 
=e re] tsep as a tsep = ie 
SE _ ~ t=—tswH ge ie tswH fue i les tswH 
. aie tse ee mn tse el tse 
nw 7 YVYYYY | YYUVYVV ¥ YY Lt YVVYVYVVYVV/VY¥ VVYYY Y 
mT OX Ea DROIOOOG cates PROOOOOOIN Batkon PRN 
n= (n—1) MASKED n (n +1) MASKED n+2 
~SDQ, 
Vou — ; 
OUT —_—_— OPEN 


Note: SE=Vi_ 


KX Don't Care 
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PRELIMINARY 
CMOS VIDEO RAM 


DEVICE OPERATIONS 


The KM428C256 contains 2,097,152 memory locations. 
Eighteen address bits are required to address a partic- 
ular 4-bit word in the memory array. Since the 
KM428C256 has only 9 address input pins, time mul- 
tiplexed addressing is used to input 9 row and 9 column 
addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
column address strobe (CAS) and the valid row and 
column address inputs. 


Operation of the KM428C256 begins by strobing in a 
valid row address with RAS while CAS remains high. 
Then the address on the 9 address input pins is changed 
from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM428C256 cy- 
cle in which amemory location is accessed. The specif- 
ic type of cycle is determined by the state of the write 
enable pin and various timing relationships. The cycle 
is terminated when both RAS and CAS have returned 
to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tre) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device oper- 
ation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CAS pulse widths. In ad- 
dition, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a cy- 
cle begins, internal clocks and other circuits within the 
KM428C256 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining WB/WE high 
during a RAS/CAS cycle. The access time is normally 
specified with respect to the falling edge of RAS. But 
the access time also depends on the falling edge of CAS 
and on the valid column address transition. If CAS goes 


Table 2. Truth Table for Bullectalt Function 


low before taco(max) and if the column address is valid 
before trap(max) then the access time to valid data is 
specified by trac(min). However, if CAS goes low after 
trcp(max) or if the column address becomes valid after 
trap(max), access is specified by tcac or taa. 


The KM428C256 has common data I/O pins. The DT/OE 
has been provided so the output buffer can be precise- 
ly controlled. For data to appear at the outputs, DT/OE 
must be low for the period of time defined by toga. 


Write 

The KM428C256 can perform early write and read- 
modify-write cycles. The differece between these cycles 
is in the state of data-out and is determined by the tim- 
ing relationship between WB/WE, DT/OE and CAS. In 
any type of write cycle Data-in must be valid at or be- 


fore the falling edge of WB/WE whichever is later. 


Fast Page Mode 

Fast page mode provides high speed read, write or read- 
modify-write access to all memory cells within a select- 
ed row. These cycles may be mixed in any order. A fast 
page mode cycle begins with a normal cycle. Then, 
while RAS is kept low to maintain the row address, CAS 
is cycled to strobe in additional column addresses. This 
eliminates the time required to set up and strobe se- 
quential row addresses for the same page. 


Write-Per-Bit 

The write-per-bit function selectively controls the inter- 
nal write-enable circuits of the RAM port. When WB/WE 
is held ‘low’ at the falling edge of RAS, during a ran- 
dom access operation, the write-mask is enabled. At the 
same time, the mask data on the Wi/DQi pins is latched 
onto the write-mask register (WM1). When a ‘0’ is sensed 
on any of the Wi/DQi pins, their corresponding write cir- 
cuits are disabled and new data will not be written. 


When a ‘1’ is sensed on any of the Wi/DQi pins, their 
corresponding write circuits will remain enabled so that 
new data is written. The write mask data is valid for only 
one cycle the truth table of the write-per-bit function are 
shown in Table 2. 


WRITE ENABLE 


WRITE ENABLE 


WRITE MASK 
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Block Write eno, ai! 
A block write cycle is performed by holding CAS, DT, 
OE “high” and DSF “Low” at the falling edge of RAS 
and by holding DSF “‘high” at the falling edge of CAS. 
The state of the WB/WE at the falling edge of RAS de- 
termines whether or not the I/O data mask is enabled 
as write perbit function. At the falling edge of CAS, the 
starting column address pointer and column mask data 
must be provided. During ablock write cycle, the 2 least 
significant column address (AO and A1) are internally 
controlled and only the seven most significant column 
address (A2-A8) are latched at the falling edge of CAS. 


Flash Write 

Flash write is mainly used for fast clear operations in 
frame buffer applications. A flash write cycle is per- 
formed by holding CAS “high,” WB/WE “low” and DSF 
“high” at the falling edge of RAS. The mask data must 
also be provided on the Wi/DQi lines at the falling edge 
of RAS in order to enable the flash write operation for 
selected I/O blocks. 


Data Output 

The KM428C256 has a three-state output buffers 
which are controlled by CAS and DT/OE. When either 
CAS or DT/OE is high (Vix) the output is in the high im- 
pedance (Hi-Z) state. In any cycle in which valid data 
appears at the output the output goes into the low im- 
pedance state in a time specified by tc.z after the fall- 
ing edge of CAS. Invalid data may be presented at the 
output during the time after tc.z and before the valid 
data appears at the output. The timing parameters tcac, 
trac and ta, Specify when the valid data will be present 
at the output. The valid data remains at the output un- 
til CAS returns high. This is true even if a new RAS cy- 
cle occurs (as in hidden refresh). Each of the 
KM428C256 operating cycles is listed below after the 
corresponding output state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write, Read Color Register. 


Refresh 

The data in the KM428C256 is stored on a tiny capaci- 
tor within each memory cell. Due to leakage the data 
may leak off after a period of time. To maintain data in- 
tegrity it is necessary to refresh each of the 512 rows 
every 8ms. Any operation cycle performed in the RAM 
port refreshes the 2048 bits selected by the row address- 
es or an on-chip refresh address counter. Either a burst 
refresh or distributed refresh may be used. There are 
several ways to accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This cy- 
cle must be repeated for each of the 512 row address- 
es, (Ao-Ag). 


CAS-before-RAS Refresh: The KM428C256 has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An inter- 
nal refresh operation automatically occurs. The refresh 
address is supplied by the on-chip refresh address coun- 
ter which is then internally incremented in preparation 
for the next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the out- 
put by extending the CAS active time and cycling RAS. 
The KM428C256 hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on-chip 
refresh address counter. 


Other Refresh Methods: It is also possible to refresh 
the KM428C256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


Transfer Operation 

1. Normal Write/Read Transfer (GAM—~RAM/RAM> 
SAM.) 

2. Pseudo Write Transfer (Switches serial port from seri- 
al Read to serial Write. No actual data transfer takes 
place between the RAM and the SAM.) 

3. Real Time Read Transfer (On the fly Read Transfer 
operation). 

4. Split Write/Read Transfer (Divides the SAM into a high 
and a low half. Only one half is transferred from to 
the SAM while the other half is write to/read from the 
SDQ pins.) 


Read-Transfer Cycle 

A read-transfer consists of loading a selected row of 
data from the RAM array into the SAM register. A read- 
transfer is accomplished by holding CAS high, DT/OE 
low and WB/WE high at the falling edge of RAS. The 
row address selected at the falling edge of RAS deter- 
mines the RAM row to be transferred into the SAM. 
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The actual data transfer completed at the rising edge 
of DT/OE. When the transfer is completed, the SDQ lines 
are set into the output mode. In a read/real-time read- 
transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DT/OE and becomes valid 


Table 3. Truth Table for Transfer Operation 


and SE high at the falling edge of RAS. The pseudo write 
transfer cycle must be performed after a read transfer 
cycle if the subsequent operation is a write transfer cy- 
cle. There is a timing delay associated with the switch- 
ing of the SDQ lines from serial output mode to serial 


*: Don’t Care 


on the SDQ lines after the specified access time tsca 
from the rising edge of the subsequent serial clock(SC) 
cycle. The start address of the serial pointer of the SAM 
is determined by the column address selected at the 
falling edge of CAS. 


Write Transfer Cycle 

A write transfer cycle consists of loading the content 
of the SAM data register into a selected row or RAM 
array. A write transfer is accomplished by CAS high, 
DT/OE low, WB/WE low and SE low at the falling edge 
of RAS. The row address selected at the falling edge 
of RAS determines the RAM row address into which the 
data will be transfered. The column address selected 
at the falling edge of CAS determines the start address 
of the serial pointer of the SAM. After the write trans- 
fer is completed, the SDQ lines are in the input mode 
so that serial data synchronized with SC can be load- 
ed. When two consecutive write transfer operations are 
performed, there is a delay in availability between the 
last bit of the previous row and the first bit of the new 
row. Consequently the SC clock must be held at a cons- 
tant V,_ or Vin after the SC precharge time tscp has been 
satisfied, a rising edge of the SC clock until after a speci- 
fied delay tasp from the falling edge of RAS. 


Pseudo Write Transfer Cycle 
The pseudo write transfer cycle switches SDQ lines 
from serial read mode to serial write mode. It doesn’t 


perform data trnasfer. A pseudo write transfer is accom- 
plished by holding CAS high, DT/OE low, WB/WE low 


RAS Falling Edge . Transfer | Transfer | SAM Port 
a —— Function pits . 
CAS | DT/IOE | WB/WE SE DSF Direction | Data Bits Mode 
H L H 2 L Read Transfer RAM~SAM | 512x8 | Input~Output 
H | L L L L Masked Write Transfer} SAM-RAM | 512x8 | Output>Input 
H L L H bs Pseudo Write Transfer — _ Output Input 
T 
H L H a H Split Read Transfer RAM-SAM | 256x8 | Not Changed 
H L L m H | Split Write Transfer SAM—>RAM | 256x8 | Not Changed 


input mode. During this period, the SC clock must be 
held at a constant V_ or Vi after the tsc precharge time 
has been satisfied. A rising edge of the SC clock must 
not occur until after the specitigg delay tasp from the 
falling edge of RAS. 


Special Function Input (DSF) 

In read transfer mode, holding DSF high on the falting 
edge of RAS selects the split register mode read trans- 
fer operation. This mode divides the serial data register 
into a high order half and a low order half, one active, 
and one inactive. When the cycle is initialed, a transfer 
occurs between the memory array and either the high 
half or the low half register, depending on the state of 
most significant column address bit (A8) that is strobed 
in on the falling edge of CAS. If A8 is high, the transfer 
is to the high half of the register. If A8 is low, the trans- 
fer is to the low half of the register. Use of the split 
register mode read transfer feature allows on-the-fly read 
transfer operation without synchronizing DT/OE to the 
serial clock. The transfer can be to either the active half 
or the inactive half register. If the transfer is to the ac- 
tive register, with an uninterrupted serial data stream, 
then the timings trs, and trsp must be met. 


In write transfer mode, holding DSF high on the falling 


_ edge of RAS.permits use of a Split Register mode of 


transfer write. This mode allows SE to be high on the 
falling edge of RAS without performing a pseudo write 
transfer, with the serial port disabled during the entire 
transfer write cycle. 
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40-PIN PLASTIC SOJ Units: Inches (millimeters) 
(STAND-OFF) 
1.020 (25.91) 0.025 (0.64) 0.008 (0.20) 
1.030 (26.16) MIN 0.012 (0.30) 


0.445 (11.30) 


0.360 (9.14) 


0.148 (3.76) 


| L 0.026 (0.66) ; 
0.032 (0.81) 


MAX 
: L 0.050 (1.27) IL 0.015 (0.38) 
TYP 0.021 (0.53) 
40-PIN PLASTIC ZIP 
| | 0.113 (2.87) 


| 0.120 (3.05) 


2.040 (51.82) 
r MAX 


0.100 (2.54) 
MIN | 


| 
a 0.009 (0.23) 
0.013 (0.33) 


0.100 + 0.01 (2.54) 
TYP 


0.05 + 0.01 (1.27) 0.016 (0.41) 
TYP 0.024 (0.61) 
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40/44-PIN PLASTIC TSOP.-II (Forward Type) 


Units: Inches (millimeters) 


0.740 (18.80) MAX 0.03 (0.80) 
‘| TYP 
] 
B a Oe 


( 

0.402 (10.21) 
0.423 (10.76) 
TYP 
0.459 (11.66) 
0.466 (11.86) 


| 
alo 
AS | 
0.722 (18.36) S\x | 
al nod 
0.726 (18.46) 2/3 J 
SIS i|_ 0.005 (0.13) 
t 9.008 (0:20) 
Arama Coe 
0.030 (0.75) 0.010 (0.25) : 
0.035 (0.85) 0.018 (0.45) 0.031 (0.805) SL 
0.016 (0.40) 
0.024 (0.60) 
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